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SYSTEMS, APPARATUSES, AND METHODS
FOR DATA SPECULATION EXECUTION

FIELD OF INVENTION

The field of invention relates generally to computer

processor architecture, and, more specifically, speculative
execution.

BACKGROUND

Vectorizing loops containing possible cross-iteration
dependences 1s notoriously diflicult. An exemplary loop of
this type 1s:

for (i=0; i<N; i++){

?[i]B[C[i]];

A naive (and incorrect) vectorization of this loop would

be:

for (i=0; i<N; i+=SIMD_WIDTH) {
zmmO=vmovdqu32 &C[1]
k1=kxnor k1, kl
zmm 1=vgatherdd B, zmmO, k1
vmovdqu &A[1], zmml

j

However, 11 the compiler generating the vectorized ver-
sion of the loop has no a prionn knowledge about the
addresses or alignment of A, B, and C, then the above
vectorization 1s unsaie.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention 1s illustrated by way of example
and not limitation in the figures of the accompanying
drawings, in which like references indicate similar elements
and 1n which:

FIG. 1 1s an embodiment of an exemplary block diagram
of a processor core capable of executing data speculation
extension (DSX) in hardware;

FIG. 2 illustrates an example of speculative instruction
execution according to an embodiment;

FIG. 3 illustrates a detailed embodiment of DSX tracking,
hardware illustrates a detailed embodiment of DSX tracking
hardware;

FIG. 4 1llustrates an exemplary method of DSX mis-
speculation detection performed by DSX tracking hardware;

FIGS. 5(A)-(B) illustrate an exemplary method of DSX
mis-speculation detection performed by DSX tracking hard-
ware;

FIG. 6 illustrates an embodiment of an execution of an
instruction for beginning DSX;

FIG. 7 illustrates some exemplary embodiments of a
YBEGIN instruction format;

FIG. 8 illustrates a detailed embodiment of an execution
of an instruction such as a YBEGIN instruction;

FIG. 9 1llustrates an example of pseudo-code showing the
execution of an instruction such as a YBEGIN i1nstruction;

FIG. 10 illustrates an embodiment of an execution of an
istruction for beginning DSX;

FIG. 11 illustrates some exemplary embodiments of a

YBEGIN WITH STRIDE instruction format:;

FIG. 12 1llustrates a detailed embodiment of an execution
of an instruction such as a YBEGIN WITH STRIDE instruc-
tion;

FIG. 13 illustrates an embodiment of an execution of an
instruction for continuing a DSX without ending it;
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FIG. 14 illustrates some exemplary embodiments of a
YCONTINUE i1nstruction format:

FIG. 15 1llustrates a detailed embodiment of an execution
of an instruction such as a YCONTINUE i1nstruction;

FIG. 16 1llustrates an example of pseudo-code showing
the execution of an instruction such as a YCONTINUE

mnstruction;
FIG. 17 1llustrates an embodiment of an execution of an

instruction for aborting a DSX;

FIG. 18 1illustrates some exemplary embodiments of a
YABORT i1nstruction format;

FIG. 19 illustrates a detailed embodiment of an execution
of an instruction such as a YABORT instruction:

FIG. 20 illustrates an example of pseudo-code showing
the execution of an instruction such as a YABORT 1nstruc-
tion;

FIG. 21 1llustrates an embodiment of an execution of an
instruction for testing the status of DSX;

FIG. 22 illustrates some exemplary embodiments of a
YTEST instruction format;

FIG. 23 illustrates an example of pseudo-code showing
the execution of an instruction such as a YTEST instruction;

FIG. 24 1llustrates an embodiment of an execution of an
instruction for ending a DSX;

FIG. 25 illustrates some exemplary embodiments of a
YEND instruction format;

FIG. 26 illustrates a detailed embodiment of an execution
of an instruction such as a YEND instruction;

FIG. 27 illustrates an example of pseudo-code showing
the execution of an instruction such as a YEND instruction;

FIGS. 28A-28B are block diagrams 1llustrating a generic
vector Iriendly mstruction format and 1nstruction templates
thereol according to embodiments of the mvention;

FIGS. 29A-D shows a specific vector friendly nstruction
format 2900 that i1s specific 1n the sense that it specifies the
location, size, interpretation, and order of the fields, as well
as values for some of those fields.

FIG. 30 1s a block diagram of a register architecture
according to one embodiment of the invention;

FIG. 31A 1s a block diagram illustrating both an exem-
plary in-order pipeline and an exemplary register renaming,
out-of-order 1ssue/execution pipeline according to embodi-
ments of the invention;

FIG. 31B 1s a block diagram illustrating both an exem-
plary embodiment of an in-order architecture core and an
exemplary register renaming, out-of-order 1ssue/execution
architecture core to be included 1n a processor according to
embodiments of the invention.

FIGS. 32A-B illustrate a block diagram of a more specific
exemplary in-order core architecture, which core would be
one ol several logic blocks (including other cores of the
same type and/or different types) i a chip;

FIG. 33 1s a block diagram of a processor that may have
more than one core, may have an integrated memory con-
troller, and may have tegrated graphics according to
embodiments of the invention;

FIG. 34 shows a block diagram of a system 1n accordance
with an embodiment of the present invention;

FIG. 35 shows a block diagram of a first more specific
exemplary system 1n accordance with an embodiment of the
present 1nvention;

FIG. 36 shows block diagram of a second more specific
exemplary system 1n accordance with an embodiment of the
present 1nvention;

FIG. 37 shows a block diagram of a SoC in accordance
with an embodiment of the present invention;
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FIG. 38 1s a block diagram contrasting the use of a
soltware 1nstruction converter to convert binary instructions
in a source instruction set to binary instructions 1n a target
instruction set according to embodiments of the mvention.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth. However, 1t 1s understood that embodiments of the
invention may be practiced without these specific details. In
other instances, well-known circuits, structures and tech-
niques have not been shown 1n detail 1n order not to obscure
the understanding of this description.

References 1n the specification to “one embodiment,” “an
embodiment,” “an example embodiment,” etc., indicate that
the embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may not
necessarily include the particular feature, structure, or char-
acteristic. Moreover, such phrases are not necessarily refer-
ring to the same embodiment. Further, when a particular
feature, structure, or characteristic 1s described 1n connection
with an embodiment, 1t 1s submitted that 1t 1s within the
knowledge of one skilled in the art to affect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described.

Throughout this description a techmique of speculative
execution referred to as data speculation extension (DSX) 1s
detailed. Included 1n this description 1s DSX hardware and
new 1nstructions that support DSX.

DSX 1s similar in nature to restricted transactional
memory (RTM) implementations, but simpler. For example,
a DSX region does not require an implied fence. Rather,
normal load/store ordering rules are maintained. Moreover,
the DSX region does not set any configuration in the
processor forcing atomic behavior for loads, whereas in
RTM, loads and stores of a transaction are treated atomically
(committed upon completion of the transaction). Addition-
ally, loads are not buflered as they are in RTM. However,
stores are bullered and committed at once when speculation
1s no longer needed. These stores may be buflered in
dedicated speculative execution storage or 1n shared regis-
ters or memory locations depending upon the embodiment.
In some embodiments, speculative vectorization only hap-
pens on a single thread which means there 1s no need to
protect against interferences from other threads.

In the previously detailed vectorized loop, there would
need to be dynamic checks for safety. For example, an
assurance that writes to A 1n a given vector iteration do not
overlap elements in B or C that, in the scalar loop, are read
in later iterations. Embodiments below detail handling vec-
torization cases through the use of speculation. A speculative
version indicates that each loop iteration should be executed
speculatively (e.g., using instructions detailed below), and
that hardware should help to perform the address checks.
Instead of relying on the hardware to be solely responsible
for the address checks (which requires very expensive
hardware), the detailed approach uses soiftware to provide
information to assist the hardware, enabling a much cheaper
hardware solution without impacting execution time or
placing too much burden on the programmer or compiler.

Unfortunately, with vectorization there may be an order-
ing violation. Looking back at the scalar loop example
detailed above:
for (i=0; i<N; i++){

Al1]=B[C[1]]:

j

10

15

20

25

30

35

40

45

50

55

60

65

4

During the first four iterations of this loop, the following
memory operations will occur 1n the following order:
Read C|[O0]

Read B[C[O0]]
Write A[O]
Read C[1]}
Read B[C][1]]
Write A[1]
Read C|2]
Read B[C][2]]
Write A[2]
Read C]3]
Read B[C[3]]
Write A[3]

The distance (in number of operations) between accesses
to the same array 1s three and 1t 1s also the number of
speculative memory 1nstructions in the loop once 1t 1s
vectorized (made mto SIMD). That distance 1s called a
“stride.” It 1s also the number of memory 1nstructions in the
loop that will have address checks performed on them once
the loop 1s vectorized. In some embodiments, this stride 1s
conveyed to the address tracking hardware via a special
instruction at the start of the loop (detailed below). In some
embodiments, that instruction also clears the address track-
ing hardware.

Detailled herein are new instructions (DSX memory
istructions) used i DSX 1n cases such as vectorized loop
execution. Each DSX memory instruction (such as loads,
stores, gathers, and scatters) includes an operand to be used
during DSX that indicates a position within the DSX execu-
tion (e.g., a position 1 a loop being executed). In some
embodiments, the operand 1s an immediate (e.g., an 8-bit
immediate) with a numerical value of encoded order 1n the
immediate. In other embodiments, the operand 1s a register
or memory location storing a numerical value of encoded
order.

Additionally, 1n some embodiments these instructions
have a different opcode than their normal counterpart. These
instructions may be scalar or superscalar (e.g., SIMD or
MIMD). Examples of some of these instructions are found
below where the mneumonic of the opcode includes an “S”
(which 1s underlined below) to 1ndicate that 1t 1s a specula-
tive version and the 1mmsS 1s an immediate operand that 1s
used to indicate a position of execution (e.g., a position in a
loop being executed):

VMOVSDQA32 zmml {kl}{z}, mV, imm8/speculative
SIMD load

VMOVS xmml, m32, imm8//speculative scalar load
VSCATTERSDPS vm32z {k1}, zmm]l, imm8//speculative

scatter

Of course, other 1nstructions may also utilize the detailed
operand and opcode mneumonic (and underlying opcode)
change such as logical (AND, OR, XOR, etc.) and data
mampulation (add, subtract, etc.) instructions.

In a vectorized version (assuming a SIMD width of four
packed data elements) of the above scalar example, the order
ol memory operations 1s:

Read C[0], C[1], C[2], C[3]
Read B[C[O]], BIC[1]], B[CIZ]], B[C[3]]
Write A[0], A[1], A[2], A[3]

This order may lead to an incorrect execution if, for
example, B[C[1]] overlaps with A[0]. In the original scalar
order, the read of B[C[1]] happens after the write to A[0], but
in the vectorized execution it happens before.

Using speculative memory instructions for the operations
in the loop that might lead to incorrect execution helps deal
with this problem. As will be detailed, each speculative
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memory instruction notifies a DSX tracking hardware (de-
tailed below) of its position within the loop body:

for (i=0; i<N; i+=SIMD_WIDTH) {

zmmO=vmovsdqu32 &(C[1], 0//tells address tracker this is
instruction 0 kl=kxnor k1, kl

zmm1=vgathersdd B, zmmO, k1, 1//tell address tracker this
1s 1nstruction 1 vmovsdqu &A[1], zmml, 2//tell address
tracker this 1s instruction 2

;

The loop position mnformation provided by each specula-
tive memory operation can be combined with the stride to
reconstruct the scalar memory operation. As speculative
memory instructions execute, an identifier (1d) 1s computed
by the DSX hardware tracker for each element (id=sequence
number+stride*element number within the SIMD opera-
tion). The hardware tracker uses the sequence number, the
calculated 1d, and the address and size of each packed data
clement to determine 11 there was an ordering violation (i.e.,
if the element overlaps with another and was read or written
out of order).

Unrolling the individual memory operations that com-
prise each vector memory instruction, accumulating the
stride for each unrolling, and assigning the resulting num-
bers as “1ds”, results 1n:

Read C[0]//1d=0
Read C[1]//1d=3
Read C[2]//1d=6
Read C[3]//1d=9
Read B[C][0]]//1d=
Read B[C][1]]//1d=
Read B[C][2]]//1d=7

Read B[C][3]]//1d=10

Write A[0]//1d=2

Write A[1]//1d=5

Write A[2]//1d=8

Write A[3]//1d=11

Sorting the above individual memory operations by 1d
will reconstruct the original scalar memory ordering.

FIG. 1 1s an embodiment of an exemplary block diagram
ol a processor core capable of executing data speculation
extension (DSX) 1in hardware.

The processor core 106 may include a fetch unit 102 to
fetch 1nstructions for execution by the core 106. For
example, the instructions may be fetched from an L1 cache
or memory. Core 106 may also include a decode unit 104 to
decode the {fetched nstruction including those detailed
below. For instance, the decode unit 104 may decode the
tetched instruction into a plurality of micro-operations (mi-
Cro-ops).

Additionally, the core 106 may include a schedule unit
107. Schedule unmit 107 may perform various operations
associated with storing decoded instructions (e.g., received
from the decode unit 104) until the mstructions are ready for
dispatch, e.g., until all source values from operands of a
decoded 1nstruction become available. In one embodiment,
schedule unit 107 may schedule and/or 1ssue (or dispatch)
decoded 1nstructions to one or more execution unts 108 for
execution. Execution unit 108 may include a memory execu-
tion unit, an nteger execution unit, a floating-point execu-
tion unit, or other execution units. A retirement umt 110 may
retire executed instructions after they are committed. In an
embodiment, retirement of the executed instructions may
result in processor state being committed from the execution
of the instructions, physical registers used by the instruc-
tions being de-allocated, etc.

A memory order bufler (MOB) 118 may include a load
bufler, a store bufler and logic to store pending memory
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operations that have not loaded or written back to a main
memory. In some embodiments, the MOB 118 or circuitry
similar to 1t, stores speculative stores (writes) of a DSX
region. In various embodiments, a core may include a local
cache, e.g., a private cache such as cache 116 that may
include one or more cache lines 124 (e.g., cache lines 0
through W and that 1s managed by cache circuitry 139. In an
embodiment, each line of cache 116 may include a DSX read
bit 126 and/or a DSX write bit 128 for each thread executing
on core 106. Bits 126 and 128 may be set or cleared to
indicate (load and/or store) access to the corresponding
cache line by a DSX memory access request. Note that while
in the embodiment of FIG. 1 each cache line 124 1s shown
as having a respective bit 126 and 128, other configurations
are possible. For example, a DSX read bit 126 (or DSX write
bit 128) may correspond to a select portion of the cache 116,
such as a cache block or other portion of the cache 116. Also,
the bits 126 and/or 128 may be stored 1n locations other than
the cache 116.

To aid in executing DSX operations, core 106 may
include a DSX nest counter 130 to store a value correspond-
ing to the number of DSX starts that have been encountered
with no matching DSX end. Counter 130 may be imple-
mented as any type of a storage device such as a hardware
register or a variable stored in a memory (e.g., system
memory or cache 116). Core 106 may also include a DSX
nest counter circuitry 132 to update the value stored in the
counter 130. Core 106 may include a DSX check pointing
circuitry 134 to check point (or store) the state of various
components of the core 106 and a DSX restoration circuitry
136 to restore the state of various components of the core
106, c.g., on abort of a given DSX, using a fallback address
that either it stores or 1s stored 1n another location such as a
register 140. Additionally, core 106 may include one or more
additional registers 140 that correspond to various DSX
memory access requests, such as a DSX status and control
register (DSXSR) to store an indication of 11 a DSX 1s active,
a DSX 1nstruction pointer (DSXXIP) (e.g., that may be an
instruction pointer to an instruction at the beginning (or
immediately preceding) of the corresponding DSX), and/or
a DSX stack pomter (DSXSP) (e.g., that may be a stack
pointer to the head of a stack that stores various states of one
or more components of core 106). These registers may also
be MSRs 150.

DSX address tracking hardware 152 (sometimes simply
called DSX tracking hardware) tracks speculative memory
accesses and detects ordering violations 1n a DSX. In
particular, this tracking hardware 152 includes an address
tracker that takes in information to reconstruct and then
enforce the original scalar memory order. Typically, the
inputs are the number of speculative memory instructions in
the loop body that need to be tracked, and some 1nformation
for each of those instructions such as: (1) a sequence
number, (2) the addresses the instruction accesses, and (3)
whether the mstruction incurs reads or writes to memory. I
two speculative memory 1nstructions access overlapping
parts of memory, the hardware tracker 152 uses this infor-
mation to determine if the original scalar order of the
memory operations has been changed. I so, and 1f either
operation 1s a write, the hardware triggers a mis-speculation.
While FIG. 1 illustrates DSX tracking hardware 152 on 1ts
own, 1n some embodiments this hardware 1s a part of other
core components.

FIG. 2 illustrates an example of speculative instruction
execution according to an embodiment. At 201, the specu-
lative nstruction 1s fetched. For example, a speculative
memory instruction such as those detailed above 1s fetched.
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In some embodiments, this instruction includes an opcode
indicating 1ts speculative nature and an operand to indicate
an ordering in a DSX. The ordering operand may be an
immediate value or a register/memory location.

The fetched speculative instruction i1s decoded at 203.

A determination of if the decoded speculative 1nstruction
1s a part of a DSX 1s made at 205. For example, 1s a DSX
indicated 1n the DSX status and control register (DSXSR)
detailed above? When a DSX 1s not active, the instruction
either becomes a no operation (nop) or i1s executed as a
normal, non-speculative instruction at 207 according to an
embodiment.

When a DSX 1s active, the speculative instruction 1s
speculatively executed (e.g., not committed) and the DSX
tracking hardware 1s updated at 209.

FIG. 3 1llustrates a detailed embodiment of DSX address
tracking hardware. This hardware tracks speculative
memory instance. Typically, an element (e.g., SIMD cele-
ment) analyzed by DSX tracking hardware 1s broken into
portions called chunks which are no more than “B” bytes in
S1Ze.

Shifting circuitry 301 shifts an address (such as a starting
address) of a chunk. In most embodiments, the shifting
circuitry 301 performs a right shift. Typically, the right shaft
1s by log,B. The shifted address i1s subjected to a hash
function performed by hash function unit circuitry 303.

The output of the -

hash function 1s an index to a hash table
305. As 1llustrated, the hash table 305 includes a plurality of
buckets 307. In some embodiments, the hash table 305 is a
Bloom filter. The hash table 305 1s used to detect mis-
speculation, and to record the addresses, access type,
sequence numbers, and 1d numbers of speculatively
accessed data. The hash table 305 contains N “sets” with
cach set containing M entries 309. Each entry 309 holds a
valid bit, sequence number, 1d number, and access type for
an element of a previously executed speculative memory
instruction. In some embodiments, each entry 309 also
contains a corresponding address (shown as a dashed box 1n
the figure). Upon a DSX imitiating instruction (e.g., YBE-
GIN and vanants detailed below), all valid bits are cleared,
and a “‘speculation active” flag 1s set, and on an 1nstruction
ending the DSX, the speculation active flag 1s cleared.

Conflict check circuitry 311 checks for a conflict per entry
309 against the element (or chunk thereof) under test 315. In
some embodiments, there 1s a contlict when the entry 309 1s
valid and at least one of: 1) the access type 1n the entry 309
1s write or 11) the access type under test 1s write, along with
one of: 1) the sequence number 1n the entry 309 being less
than the sequence number of the element under test 315, and
the 1d number 1n the entry 309 being greater than the i1d
number of the element under test 3135 or 1) the sequence
number 1n the entry 309 being greater than the sequence
number of the element under test 315, and the 1d number 1n
the entry 309 being less than the 1d number of the element
under test 315.

In other words, a conflict exists when:

(Entry 1s valid) AND ((access type 1n entry=—=write) OR
(access type under test==write)) AND (((Seq # 1n entry<<Seq
# under test) AND (1d # 1n entry>1d # under test)) OR ((Seq
# 1n entry>Seq # under test) AND (1d # 1n entry<id # under
test)))

Note 1n most embodiments there 1s not a test for address
overlap. This overlap 1s implied from hitting the entry 1n the
hash table. A hit may occur where there 1s no address
overlap, due to aliasing from the hash function and/or from
the check being too coarse-grained (1.e., B being too large).
However, there will be a hit when there 1s address overlap.
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S0 correctness 1s guaranteed, but there may be false posi-
tives (1.e., the hardware may detect mis-speculation where
there 1s none). In an embodiment, the chunk address 1s stored
in each entry 309, and an additional condition for testing for
mis-speculation 1s applied (i.e., this 1s logically ANDed with
the above condltlon) where the address 1n entry 309 equals
the address 1n the element under test 315).

An OR gate 313 (or equivalent) logically ORs the results
of the contlict checks. When the result of the ORing 1s a 1,
then a mis-speculation has likely occurred and the OR gate
313 indicates that with 1ts output.

The total storage of this embodiment 1s M*N entries. That
means 1t may track up to M*N speculatively accessed data
clements. In practice, however, loops are likely to have more
accesses to some of the N sets than to others. If space 1n any
set runs out, then 1n some embodiments a mis-speculation 1s
triggered to guarantee correctness. Increasing M alleviates
this problem, but may force more copies of the conflict
checking hardware to exist. To perform all M contlict checks
simultaneously (as 1s done 1n some embodiments), there are
M copies of the contlict checking logic.

Choosing the B, N, M, and hash function 1n a certain way,
allows for the structure to be organized in a very similar
manner as the L1 data cache. In particular, let B be the cache
line size, N be the number of sets in the .1 data cache, M
be the associativity of the L1 data cache, and let the hash
function be the least significant bits of the address (after the
right shift). This structure will have the same number of
entries and organmization as the L1 data cache, which may
simplify 1ts implementation.

Finally, note that an alternative embodiment uses separate
Bloom filters for reads and writes, to avoid having to store
the access type information, and to avoid having to check the
access type during the contlict checks. Instead, for reads, the
embodiment performs contlict checks against only the
“write” filter, and 11 there 1s no mis-speculation, 1nserts the
clement mto the “read” filter. Similarly, for writes, the
embodiment performs contlict checks against both the
“read” and “write” filters, and if there 1s no mis-speculation,
inserts the element 1nto the “write™ filter.

FIG. 4 illustrates an exemplary method of DSX mis-
speculation detection performed by DSX tracking hardware.
At 401, DSX 1s started or a previous speculative iteration 1s
committed. For example, a YBEGIN instruction 1s executed.
The execution of this instruction clears the valid bits in the
entries 309 and sets a speculation active flag (if not already
set) 1 a status register (such as the DSX status register
detailled earlier). A speculative memory instruction 1s
executed after the DSX 1s started and provides data elements
under test.

At 403, the data element under test from the speculative
memory instruction 1s broken into chunks of no more than
B bytes. The hash table 1s accessed at a granulanty of B
bytes (1.e., the low bits of an address are discarded). IT
clements are large enough and/or are not aligned, they may
cross a B byte boundary and, 11 so, the element 1s broken into
multiple chunks.

Per chunk, the following (405-421) are performed. The
start address of the chunk is right shifted by log,B. The
shifted address 1s hashed at 407 to generate an index value.

Using the index value, a look-up of a corresponding set of
the hash table 1s made at 409 and all entries of the set are
read out at 411.

For each read out entry, a contlict check against the
clement under test (such as that described above) is per-
formed at 413. An ORing of all of the contlict checks 1s

performed at 415. If any check indicates a contlict at 417
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(such that the OR 1s a 1), then an indication of mis-
speculation 1s made at 419. The DSX 1s typically aborted at
this time. IT there 1s no mis-speculation, then at 421 an
invalid entry 1n the set 1s found and filled with the informa-
tion for the element under test and marked valid. I no
invalid entries exist, a mis-speculation 1s triggered.

FIGS. 5(A)-(B) illustrate an exemplary method of DSX
mis-speculation detection performed by DSX tracking hard-
ware. At 501, DSX 1s started or a previous speculative
iteration 1s committed. For example, a YBEGIN instruction
1s executed.

The execution of this mstruction resets the tracking hard-
ware by clearing the valid bits in the entries 309 and sets a
speculation active flag (if not already set) 1n a status register
(such as the DSX status register detailed earlier) at 503.

At 505, a speculative memory instruction 1s executed.
Examples of these mstructions are detailed above. A counter
which 1s an element number under test (¢) from the specu-
lative 1nstruction 1s set to zero at 507 and an 1d 1s calculated
(id=sequence number+stride™*e) at 509.

A determination of 1f any previous write overlaps with the
counter value ¢ 1s made at 511. This acts as a dependency
check against previous stores (writes). For any overlapping
writes, at 513 a conflict check 1s performed. In some
embodiments, this contlict check 1s looking to see 1f: 1) the
sequence number 1n the entry 309 1s less than the sequence
number of the element under test 315, and the 1d number 1n
the entry 309 1s greater than the 1d number of the element
under test 315, or 11) the sequence number 1n the entry 309
1s greater than the sequence number of the element under test
315, and the 1d number 1n the entry 309 1s less than the 1d
number of the element under test 313.

If there 1s a contlict, then a mis-speculation 1s triggered at
515. If not, or 1f there were not previous writes that over-
lapped, then a determination of 1f the speculative memory
istruction 1s a write 1s made at 517.

If yes, then a determination of any previous read overlaps
with the counter value e¢ 1s made at 519. This acts as a
dependency check against previous loads (reads). For any
overlapping reads, at 521 a conflict check 1s performed. In
some embodiments, this conflict check 1s looking to see 111)
the sequence number 1n the entry 309 being less than the
sequence number of the element under test 315, and the 1d

number 1n the entry 309 being greater than the 1d number of

the element under test 315, or 11) the sequence number 1n the
entry 309 being greater than the sequence number of the
clement under test 315, and the 1d number 1n the entry 309
being less than the 1d number of the element under test 315.

If there 1s a contlict, then a mis-speculation 1s triggered at
523. If not, or if there were not previous reads that over-
lapped, then the counter ¢ 1s incremented at 3525.

A determination of 1f the counter e 1s equal to the number
of elements 1n the speculative memory nstruction 1s made at
526. In other words, have all elements been evaluated? If no,
then another 1d 1s calculated at 509. If yves, then the hardware
waits for another instruction to execute at 527. When the
next mstruction 1s another speculative memory instruction,

then the counter 1s reset at 507. When the next instruction 1s
YBEGIN, then the hardware 1s reset, etc. at 503. When the

next instruction 1s YEND, then the DSX 1s disabled at 529.

YBEGIN Instruction

FIG. 6 illustrates an embodiment of an execution of an
istruction for beginming DSX. As will be detailed herein,
this mnstruction 1s referred to as “YBEGIN™ and 1s used to
signal the beginning of a DSX region. Of course, the
istruction may be referred to by another name. In some
embodiments, this execution 1s performed on one more
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hardware cores of a hardware device such as a central
processing unit (CPU), graphics processing unit (GPU),
accelerated processing unit (APU), digital signal processor
(DSP), etc. In other embodiments, the execution of the
instruction 1s an emulation.

At 601, a YBEGIN instruction 1s received/fetched. For
example, the instruction 1s fetched from memory 1nto an
instruction cache or fetched from an instruction cache. The
tetched 1nstruction may take one of several forms as detailed
below.

FIG. 7 illustrates some exemplary embodiments of a
YBEGIN i1nstruction format. In an embodiment, the YBE-
GIN 1nstruction includes an opcode (YBEGIN) and a single
operand to provide a displacement for a fallback address
which 1s where program execution should go to handle a
mis-speculation as shown i 701. In essence, the displace-
ment value 1s a portion of the fallback address. In some
embodiments, this displacement value 1s provided as an
immediate operand. In other embodiments, this displace-
ment value 1s stored 1n a register or memory location
operand. Depending upon the YBEGIN implementation
implicit operands for a DSX status register, a nesting count
register, and/or a RTM status register are used. As detailed
carlier, the DSX status register may be a dedicated register,
a tlag 1n a register not dedicated to DSX status (such as an
overall status register like a flag register), etc.

In another embodiment, the YBEGIN 1nstruction includes
not only an opcode and displacement operand, but also an
explicit operand for DSX status such as a DSX status
register as shown i 703. Depending upon the YBEGIN
implementation implicit operands for a nesting count regis-
ter and/or a RTM status register are used. As detailed earlier,
the DSX status register may be a dedicated register, a flag in
a register not dedicated to DSX status (such as an overall
status register like a tlag register), etc.

In another embodiment, the YBEGIN instruction includes
not only an opcode and displacement operand, but also an
explicit operand for DSX nesting count such as a DSX nest
count register as shown in 7035. As detailed earlier, the DSX
nest count may be a dedicated register, a flag 1n a register not
dedicated to DSX nest count (such as an overall status
register). Depending upon the YBEGIN implementation
implicit operands for a DSX status register and/or a RTM
status register are used. As detailed earlier, the DSX status
register may be a dedicated register, a flag 1n a register not
dedicated to DSX status (such as an overall status register
like a flag register), etc.

In another embodiment, the YBEGIN instruction includes
not only an opcode and displacement operand, but also
explicit operands for DSX status such as a DSX status
register and DSX nesting count such as a DSX nest count
register as shown 1 707. As detailed earlier, the DSX status
register may be a dedicated register, a flag 1n a register not
dedicated to DSX status (such as an overall status register
like a tlag register, etc.), and the DSX nest count may be a
dedicated register, a flag 1n a register not dedicated to DSX
nest count (such as an overall status register. Depending
upon the YBEGIN implementation an implicit operand for
a RTM status register 1s used. As detailed earlier, the DSX
status register may be a dedicated register, a flag in a register
not dedicated to DSX status (such as an overall status
register like a tlag register), etc.

In another embodiment, the YBEGIN instruction includes
not only an opcode and displacement operand, but explicit
operands for DSX status such as a DSX status register, DSX
nesting count such as a DSX nest count register, and RTM
status as shown 1n 709. As detailed earlier, the DSX status
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register may be a dedicated register, a tlag in a register not
dedicated to DSX status (such as an overall status register
like a flag register, etc., and the DSX nest count may be a
dedicated register, a flag 1n a register not dedicated to DSX
nest count (such as an overall status register).

Of course other variants of YBEGIN are possible. For
example, instead of providing a displacement value, the
instruction includes the fallback address itself 1n either an
immediate, register, or memory location.

Turning back to FIG. 6, the fetched/recerved YBEGIN
instruction 1s decoded at 603. In some embodiments, the
istruction 1s decoded by a hardware decoder such as those
detailed later. In some embodiments, the instruction 1s
decoded into micro-operations (micro-ops). For example,
some CISC based machines typically use micro-operations
that are derived from a macro-instruction. In other embodi-
ments, the decoding 1s a part of a software routine such as
a just-in-time compilation.

At 605, any operand associated with the decoded instruc-
tion 1s retrieved. For example, the data from one or more of
a DSX register, DSX nest count register, and/or a RTM
status register are retrieved.

The decoded YBEGIN 1nstruction 1s executed at 607. In
embodiments where the instruction 1s decoded 1nto micro-
ops, these micro-ops are executed. The execution of the
decoded 1nstruction causes the hardware to do one or more
of the following acts to be performed: 1) determine that an
RTM transaction 1s active and continue that transaction; 2)
calculate a fallback address using the displacement value
added to the instruction pointer of the YBEGIN 1nstruction;
3) increment the DSX nesting count; 4) abort; 3) set DSX
status to active; and/or 6) reset DSX tracking hardware.

Typically, upon an instance of an YBEGIN nstruction, it
there 1s not an active RTM transaction, then the DSX status
1s set to active, the DSX nest count 1s incremented (if the
count 1s less than a max), the DSX tracking hardware 1s reset
(for example, as detailed above), and a fallback address 1s
calculated using the displacement value to start a DSX
region. As detailed earlier, a status for a DSX 1s typically
stored 1n an accessible location such as a register such as the
DSX status and control register (DSXSR) discussed above
with respect to FIG. 1. However, other means such as a DSX
status flag 1n a non-dedicated control/status register (such as
a FLAGS register) may be utilized. Resetting of the DSX
tracking hardware was also previously described. As
detailed earlier, a status for a DSX 1s typically stored in an
accessible location such as a register such as the DSX status
and control register (DSXSR) discussed above with respect
to FIG. 1. However, other means such as a DSX status flag
in a non-dedicated control/status register (such as a FLAGS
register) may be utilized. This register may be checked by
the hardware of the core to determine 11 a DSX was indeed
taking place.

If there was some reason that the DSX cannot start, then
one or more of the other potential actions takes place. For
example, 1n some embodiments of processors that support
RTM, 1f a RTM transaction was active then there should not
have been a DSX active 1n the first place and the RTM 1s
pursued. It there 1s something wrong with the set up of the
DSX 1n the first place (nest count not correct), then an abort
will take place. Additionally, 1n some embodiments, if there
was no DSX then a fault 1s generated and no operations (a
NOP) are performed. Regardless of which act 1s performed,
in most embodiments after that act the DSX state 1s reset (if
it was set) to indicate that there 1s no pending DSX.

FIG. 8 illustrates a detailed embodiment of an execution
of an mstruction such as a YBEGIN instruction. For
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example, 1n some embodiments this flow 1s box 607 of FIG.
6. In some embodiments, this execution 1s performed on one
more hardware cores of a hardware device such as a central
processing unit (CPU), graphics processing unit (GPU),
accelerated processing unit (APU), digital signal processor
(DSP), etc. In other embodiments, the execution of the
instruction 1s an emulation.

In some embodiments, for example 1n a processor that
supports RTM transactions, a determination of 1if a RTM
transaction 1s occurring 1s made at 801. For example, in
some embodiments of processors that support RTM, 1if a
RTM transaction was active then there should not have been
a DSX active 1n the first place. In this mstance, something
went wrong 1n the RTM transaction and its ending proce-
dures should be activated. Typically, RTM transaction status
1s stored 1n a register such as a RTM control and status
register. The hardware of the processor evaluates the con-
tents of this register to determine 1f there 1s an RTM
transaction occurring. When there 1s an RITM transaction
occurring, the RTM transaction continues to process at 803.

When there 1s not an RTM transaction occurring, or RTM
1s not supported, a determination of 11 a current DSX nest
count 1s less than a maximum nest count 1s made at 805. In
some embodiments, a nest count register to store the current
nest count 1s provided by the YBEGIN instruction as an
operand. Alternatively, a dedicated nest count register may
exist 1n hardware to be used to store the current nest count.
The maximum nest count 1s the maximum number of DSX
starts (e.g., via a YBEGIN instruction) that can occur
without a corresponding DSX end (e.g., viaa YEND 1nstruc-
tion).

When the current DSX nest count 1s greater than the
maximum, an abort occurs at 807. In some embodiments, an
abort triggers a rollback using restoration circuitry such as
DSX restoration circuitry 1335, In other embodiments, a
YABORT 1nstruction 1s executed as detailed below which
not only performs a rollback to the fallback address, but also
discards speculatively stored writes and resets the current
nest count and sets the DSX status to mactive. As detailed
above, DSX status 1s typically stored in a control register
such as a DSX status and control register (DSXSR) shown
in FIG. 1. However, other means such as a DSX status flag
in a non-dedicated control/status register (such as a FLAGS
register) may be utilized.

When the current nest count 1s not greater than the
maximum, the current DSX nest count 1s incremented at
809.

A determination of 11 a current DSX nest count 1s equal to
one 1s made at 811. When 1t 1s, 1n some embodiments, a
tallback address 1s calculated by adding the displacement
value provided by the YBEGIN instruction to the address of
the 1nstruction following the YBEGIN instruction at 813. In
embodiments where the YBEGIN 1nstruction provided the
tallback address, then this calculation i1s not necessary.

At 815, the DSX status 1s set to active (if 1t needs to be)
and the DSX tracking hardware 1s reset (for example, as
detailed above). For example, as detailed earlier, a status for
a DSX 1s typically stored 1n an accessible location such as
a register such as the DSX status and control register
(DSXSR) discussed above with respect to FIG. 1. However,
other means such as a DSX status flag 1n a non-dedicated
control/status register (such as a FLAGS register) may be
utilized. This register may be checked by the hardware of the
core to determine 1f a DSX was indeed taking place.

FIG. 9 1llustrates an example of pseudo-code showing the
execution of an instruction such as a YBEGIN instruction.
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YBEGIN with Stride Instruction
FIG. 10 1llustrates an embodiment of an execution of an

istruction for beginmng DSX. As will be detailed herein,
this instruction 1s referred to as “YBEGIN WITH STRIDE”
and 1s used to signal the beginning of a DSX region. Of
course, the mstruction may be referred to by another name.
In some embodiments, this execution 1s performed on one
more hardware cores of a hardware device such as a central
processing umt (CPU), graphics processing unit (GPU),
accelerated processing unit (APU), digital signal processor
(DSP), etc. In other embodiments, the execution of the
instruction 1s an emulation.

At 1001, a YBEGIN WITH STRIDE instruction 1s
received/fetched. For example, the instruction 1s fetched
from memory 1nto an instruction cache or fetched from an
instruction cache. The fetched instruction may take one of
several forms as detailed below.

FIG. 11 illustrates some exemplary embodiments of a
YBEGIN WITH STRIDE instruction format. In an embodi-
ment, the YBEGIN WITH STRIDE instruction includes an

opcode (YBEGIN WITH STRIDE) and an operand to pro-
vide a displacement for a fallback address which 1s where
program execution should go to handle a mis-speculation
and a stride value operand as shown in 1101. In essence, the
displacement 1s a portion of the fallback address. In some
embodiments, the displacement 1s provided as an immediate
operand. In other embodiments, the displacement value 1s
stored 1n a register or memory location operand. In some
embodiments, the stride 1s provided as an immediate oper-
and. In other embodiments, the stride 1s stored 1n a register
or memory location operand. Depending upon the YBEGIN
WITH STRIDE implementation implicit operands for a
DSX status register, a nesting count register, and/or a RTM
status register are used.

In another embodiment, the YBEGIN WITH STRIDE
instruction includes not only an opcode and displacement
operand and a stride value operand, but also an explicit
operand for DSX status such as a DSX status register as
shown 1n 1103. In some embodiments, the displacement 1s
provided as an immediate operand. In other embodiments,
the displacement value 1s stored in a register or memory
location operand. In some embodiments, the stride 1s pro-
vided as an immediate operand. In other embodiments, the
stride 1s stored 1n a register or memory location operand. As
detailed earlier, the DSX status register may be a dedicated
register, a flag 1n a register not dedicated to DSX status (such
as an overall status register like a flag register), etc. Depend-
ing upon the YBEGIN WITH STRIDE implementation
implicit operands for a nesting count register and/or a RTM
status register are used.

In another embodiment, the YBEGIN WITH STRIDE
instruction includes not only an opcode, a displacement
operand and a stride value operand, and a stride value
operand, but also an explicit operand for DSX nesting count
such as a DSX nest count register as shown 1n 1105. In some
embodiments, the displacement 1s provided as an immediate
operand. In other embodiments, the displacement value 1s
stored 1n a register or memory location operand. In some
embodiments, the stride 1s provided as an immediate oper-
and. In other embodiments, the stride is stored 1n a register
or memory location operand. As detailed earlier, the DSX
nest count may be a dedicated register, a flag in a register not
dedicated to DSX nest count (such as an overall status
register). Depending upon the YBEGIN WITH STRIDE
implementation implicit operands for a DSX status register
and/or a RTM status register are used.
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In another embodiment, the YBEGIN WITH STRIDE
instruction includes not only an opcode, displacement oper-
and and a stride value operand, but also explicit operands for
DSX status such as a DSX status register and DSX nesting
count such as a DSX nest count register as shown 1n 1107.
In some embodiments, the displacement 1s provided as an
immediate operand. In other embodiments, the displacement
value 1s stored 1n a register or memory location operand. In
some embodiments, the stride 1s provided as an immediate
operand. In other embodiments, the stride 1s stored 1n a
register or memory location operand. As detailed earlier, the
DSX status register may be a dedicated register, a flag 1 a
register not dedicated to DSX status (such as an overall
status register like a flag register, etc.), and the DSX nest
count may be a dedicated register, a tlag 1 a register not
dedicated to DSX nest count (such as an overall status
register. Depending upon the YBEGIN WITH STRIDE
implementation an implicit operand for a RTM status reg-
ister are used.

In another embodiment, the YBEGIN WITH STRIDE
instruction 1includes not only an opcode, displacement oper-
and and a stride value operand, but explicit operands for
DSX status such as a DSX status register, DSX nesting count
such as a DSX nest count register, and a RTM status register
as shown 1n 409. In some embodiments, the displacement 1s
provided as an immediate operand. In other embodiments,
the displacement value 1s stored 1n a register or memory
location operand. In some embodiments, the stride 1s pro-
vided as an immediate operand. In other embodiments, the
stride 1s stored 1n a register or memory location operand. As
detailed earlier, the DSX status register may be a dedicated
register, a flag 1n a register not dedicated to DSX status (such
as an overall status register like a tlag register, etc., and the
DSX nest count may be a dedicated register, a flag 1n a
register not dedicated to DSX nest count (such as an overall
status register).

Of course other variants of YBEGIN WITH STRIDE are
possible. For example, instead of providing a displacement
value, the instruction includes the fallback address itself 1n
either an 1mmediate, register, or memory location.

Turning back to FIG. 10, the fetched/received YBEGIN
WITH STRIDE i1nstruction 1s decoded at 1003. In some
embodiments, the instruction 1s decoded by a hardware
decoder such as those detailed later. In some embodiments,
the instruction 1s decoded into micro-operations (micro-
ops). For example, some CISC based machines typically use
micro-operations that are derived from a macro-instruction.
In other embodiments, the decoding 1s a part of a software
routine such as a just-in-time compilation.

At 10035, any operand associated with the decoded YBE-
GIN WITH STRIDE instruction 1s retrieved. For example,
the data from one or more of a DSX register, DSX nest count
register, and/or a RTM status register are retrieved.

The decoded YBEGIN WITH STRIDE instruction 1s
executed at 1007. In embodiments where the instruction 1s
decoded 1nto micro-ops, these micro-ops are executed. The
execution of the decoded instruction causes the hardware to
do one or more of the following acts to be performed: 1)
determine that an RTM transaction 1s active and begin that
transaction; 2) calculate a fallback address using the dis-
placement value added to the instruction pointer of the
YBEGIN WITH STRIDE instruction; 3) increment the DSX
nesting count; 4) abort; 5) set DSX status to active; 6) reset
DSX tracking hardware; and/or 7) provides the stride value
to the DSX hardware tracker.

Typically, upon a first instance of an YBEGIN WITH

STRIDE instruction, 1f there 1s not an active RTM transac-
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tion, then the DSX status 1s set to active, the DSX tracking
hardware 1s reset ({or example, as detailed above using the
provided stride value), and a fallback address 1s calculated
using the displacement value to start a DSX region. As
detailed earlier, a status for a DSX 1s typically stored in an 5
accessible location such as a register such as the DSX status
and control register (DSXSR) discussed above with respect

to FIG. 1. However, other means such as a DSX status flag

in a non-dedicated control/status register (such as a FLAGS
register) may be utilized. Resetting of the DSX tracking 10
hardware was also previously described.

Typically, upon an instance of an YBEGIN WITH
STRIDE instruction, if there 1s not an active RTM transac-
tion, then the DSX status 1s set to active, the DSX nest count
1s incremented (if the count 1s less than a max), the DSX 15
tracking hardware 1s reset (for example, as detailed above
using the provided stride), and a fallback address 1s calcu-
lated using the displacement value to start a DSX region. As
detailed earlier, a status for a DSX 1s typically stored in an
accessible location such as a register such as the DSX status 20
and control register (DSXSR) discussed above with respect
to FIG. 1. However, other means such as a DSX status flag
in a non-dedicated control/status register (such as a FLAGS
register) may be utilized. Resetting of the DSX tracking
hardware was also previously described. As detailed earlier, 25
a status for a DSX 1s typically stored in an accessible
location such as a register such as the DSX status and control
register (DSXSR) discussed above with respect to FIG. 1.
However, other means such as a DSX status flag in a
non-dedicated control/status register (such as a FLAGS 30
register) may be utilized. This register may be checked by
the hardware of the core to determine if a DSX was indeed
taking place.

If there was some reason that the DSX cannot start, then
one or more of the other potential actions takes place. For 35
example, 1n some embodiments of processors that support
RTM, 1f a RTM transaction was active then there should not
have been a DSX active in the first place and the RTM 1s
pursued. If there 1s something wrong with the set up of the
DSX 1n the first place (nest count not correct), then an abort 40
will take place. Additionally, 1n some embodiments, 1 there
was no DSX then a fault 1s generated and no operations (a
NOP) are performed. Regardless of which act 1s performed,
in most embodiments after that act the DSX state 1s reset (if
it was set) to indicate that there 1s no pending DSX. 45

FI1G. 12 illustrates a detailed embodiment of an execution
of an mnstruction such as a YBEGIN WITH STRIDE instruc-
tion. For example, in some embodiments this flow 1s box
1007 of FIG. 10. In some embodiments, this execution 1s
performed on one more hardware cores of a hardware device 50
such as a central processing unit (CPU), graphics processing
unit (GPU), accelerated processing unit (APU), digital sig-
nal processor (DSP), etc. In other embodiments, the execu-
tion of the instruction 1s an emulation.

In some embodiments, for example 1 a processor that 55
supports RTM transactions, a determination of 1f a RTM
transaction 1s occurring 1s made at 1201. For example, in
some embodiments of processors that support RTM, it a
RTM transaction was active then there should not have been
a DSX active 1n the first place. In this instance, something 60
went wrong 1n the RTM transaction and its ending proce-
dures should be activated. Typically, RTM transaction status
1s stored 1n a register such as a RITM control and status
register. The hardware of the processor evaluates the con-
tents of this register to determine 1f there 1s an RTM 65
transaction occurring. When there 1s an RTM transaction
occurring, the RTM transaction continues to process 1203.
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When there 1s not an RTM transaction occurring, or RITM
1s not supported, a determination of 1f a current DSX nest
count 1s less than a maximum nest count 1s made at 1205. In
some embodiments, a nest count register to store the current
nest count 1s provided by the YBEGIN WITH STRIDE
instruction as an operand. Alternatively, a dedicated nest
count register may exist in hardware to be used to store the
current nest count. The maximum nest count 1s the maxi-
mum number of DSX starts (e.g., viaa YBEGIN nstruction)
that can occur without a corresponding DSX end (e.g., via
a YEND instruction).

When the current nest count 1s greater than the maximum,
an abort occurs at 1207. In some embodiments, an abort
triggers a rollback. In other embodiments, a YABORT 1s
performed as detailed below which not only performs a
rollback to the fallback address, but also discards specula-
tively stored writes and resets the current nest count and sets
the DSX status to 1nactive. As detailed above, DSX status 1s
typically stored 1n a control register such as a DSX status
and control register (DSXSR) shown i FIG. 1. However,
other means such as a DSX status flag 1n a non-dedicated
control/status register (such as a FLAGS register) may be
utilized.

When the current nest count 1s not greater than the
maximum, the current DSX nest count 1s incremented at
1209.

A determination of if a current DSX nest count 1s equal to
one 1s made at 1211. When 1t 1s, 1n some embodiments, a
tallback address 1s calculated by adding the displacement
value provided by the YBEGIN WITH STRIDE nstruction
to the address of the instruction following the YBEGIN
WITH STRIDE 1nstruction at 1213. In embodiments where
the YBEGIN WITH STRIDE instruction provided the fall-
back address, then this calculation 1s not necessary.

At 1215, the DSX status 1s set to active (1f 1t needs to be)
and the DSX tracking hardware is reset (for example, as
detailed above including using the provided stride value).
For example, as detailed earlier, a status for a DSX 1s
typically stored 1n an accessible location such as a register
such as the DSX status and control register (DSXSR)
discussed above with respect to FIG. 1. However, other
means such as a DSX status flag 1n a non-dedicated control/
status register (such as a FLAGS register) may be utilized.
This register may be checked by the hardware of the core to
determine if a DSX was indeed taking place.

YCONTINUE Instruction

As a DSX comes to an end (for example, an 1teration of
a loop has run its course) without any issues, 1n some
embodiments an mstruction (YEND) 1s executed to indicate
the end of a speculative region as detailed below. In short,
the execution of this instruction causes the commitment of
a current speculative state (all writes that have not been
written) and an exit from the current speculative region as
will be discussed below. Another iteration of the loop may
then be started by calling for another YBEGIN.

However, in some embodiments, an optimization to this
cycle of YBEGIN, YEND, YBEGIN, etc. 1s available
through the use of a continue 1nstruction to commit a current
loop iteration when speculation 1s no longer needed (e.g.,
when there 1s no conflict between stores). The continue
instruction also starts a new speculative loop iteration with-

out the need for calling a YBEGIN.
FIG. 13 illustrates an embodiment of an execution of an

instruction for continuing a DSX without ending 1t. As will
be detailed herein, this instruction 1s referred to as “YCON:-
TINUE” and 1s used to signal the end of a transaction. Of
course, the instruction may be referred to by another name.
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In some embodiments, this execution 1s performed on one
more hardware cores of a hardware device such as a central
processing umt (CPU), graphics processing unit (GPU),
accelerated processing unit (APU), digital signal processor
(DSP), etc. In other embodiments, the execution of the
instruction 1s an emulation.

At1301, an YCONTINUE instruction 1s received/fetched.
For example, the instruction is fetched from memory into an
instruction cache or fetched from an instruction cache. The
fetched instruction may take one of several forms.

FIG. 14 illustrates some exemplary embodiments of a

YCONTINUE 1nstruction format. In an embodiment, the
YCONTINUE 1nstruction includes an opcode (YCON-
TINUE), but no explicit operands as shown in 1401.

Depending upon the YCONTINUE implementation implicit
operands for a DSX status register and nesting count regis-
ter. As detailed earlier, the DSX nest count may be a
dedicated register, a flag 1n a register not dedicated to DSX
nest count (such as an overall status register), etc. Addition-
ally, the DSX status register may be a dedicated register, a
flag 1n a register not dedicated to DSX status (such as an
overall status register like a tlag register), etc.

In another embodiment, the YCONTINUE instruction
includes not only an opcode, but an explicit operand for
DSX status such as a DSX status register as shown 1n 1403.
Depending upon the YCONTINUE implementation an
implicit operand for nesting count register 1s used. As
detailed earlier, the DSX nest count may be a dedicated
register, a flag i a register not dedicated to DSX nest count
(such as an overall status register), etc. Additionally, the
DSX status register may be a dedicated register, a flag 1 a
register not dedicated to DSX status (such as an overall
status register like a tlag register), etc.

In another embodiment, the YCONTINUE i1nstruction
includes not only an opcode, but an explicit operand for
DSX nesting count such as a DSX nest count register as
shown 1n 1405. Depending upon the YCONTINUE 1mple-
mentation implicit operand for a DSX status register 1s used.
As detailed earlier, the DSX nest count may be a dedicated
register, a flag i a register not dedicated to DSX nest count
(such as an overall status register), etc. Additionally, the
DSX status register may be a dedicated register, a flag in a
register not dedicated to DSX status (such as an overall
status register like a flag register), efc.

In another embodiment, the YCONTINUE 1nstruction
includes not only an opcode, but an explicit operand for
DSX status such as a DSX status register and DSX nesting
count such as a DSX nest count register as shown in 1407.
As detailed earlier, the DSX nest count may be a dedicated
register, a flag 1n a register not dedicated to DSX nest count
(such as an overall status register), etc. Additionally, the
DSX status register may be a dedicated register, a flag 1 a
register not dedicated to DSX status (such as an overall
status register like a flag register), efc.

Turning back to FIG. 13, the fetched/received YCON-
TINUE 1nstruction 1s decoded at 1303. In some embodi-
ments, the instruction 1s decoded by a hardware decoder
such as those detailed later. In some embodiments, the
istruction 1s decoded into micro-operations (micro-ops).
For example, some CISC based machines typically use
micro-operations that are derived from a macro-instruction.
In other embodiments, the decoding 1s a part of a software
routine such as a just-in-time compilation.

At 1305, any operand associated with the decoded
YCONTINUE 1nstruction 1s retrieved. For example, the data
from one or more of a DSX register and DSX nest count
register are retrieved.
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The decoded YCONTINUE instruction 1s executed at
1307. In embodiments where the instruction 1s decoded 1nto
micro-ops, these micro-ops are executed. The execution of
the decoded instruction causes the hardware to do one or
more of the following acts to be performed: 1) determine
that make speculative writes associated with the DSX are to
be commutted as speculation 1s no longer needed and commut
them, and start new speculative loop iteration (such as new
DSX region); and/or 2) no operation.

The first of these acts (making speculative writes final and
starting a new speculative loop iteration) may be performed
by DSX checking hardware detailed earlier. In this act all of
the speculative writes associated with the loop iteration of
the DSX are committed (stored such that they are accessible
outside of the DSX), but unlike a YEND 1nstruction, the
DSX status 1s not set to indicate that a DSX does not exist.
For example, all writes associated with the DSX (such as
stored 1n cache, registers, or memory) are committed such
that they are finalized and wvisible outside of the DSX.
Typically, a DSX commit will not happen unless the DSX
nest count 1s one. Otherwise, 1n some embodiments, then a
nop 1s performed.

If a DSX 1s not active, then a nop may be performed 1n
some embodiments.

FIG. 15 illustrates a detailed embodiment of an execution
of an mstruction such as a YCONTINUE i1nstruction. For
example, 1n some embodiments this tlow 1s box 1307 of FIG.
13. In some embodiments, this execution 1s performed on
one more hardware cores of a hardware device such as a
central processing umt (CPU), graphics processing unit
(GPU), accelerated processing unit (APU), digital signal
processor (DSP), etc. In other embodiments, the execution
of the instruction 1s an emulation.

A determination of if a DSX 1s active 1s made at 1501. As
detailed above, DSX status 1s typically stored 1in a control
register such as a DSX status and control register (DSXSR)
shown 1n FIG. 1. However, other means such as a DSX
status flag 1n a non-dedicated control/status register (such as
a FLAGS register) may be utilized. Regardless of where the
status 1s stored, the location 1s checked by the hardware of
the processor to determine 11 a DSX was indeed taking place.

When there 1s not a DSX occurring, a no op 1s performed
at 1503.

When there 1s a DSX occurring, a determination of 1f the
DSX nest count 1s equal to one 1s made at 1505. As detailed
above, DSX nest count 1s typically stored 1n a nesting count
register. When the DSX nest count 1s not one, a nop 1s
performed at 507. When the DSX nest count i1s one, a
commit and DSX restart 1s done at 1509. When a commiut
and DSX restart happens, in some embodiments, one or
more of the following occur: 1) DSX tracking hardware 1s
reset (for example, as detailed above), 2) a fallback address
1s calculated, and 3) a commit of speculatively executed
istructions (writes) of a previous speculative region 1s
made.

FIG. 16 1llustrates an example of pseudo-code showing
the execution of an 1instruction such as a YCONTINUE
instruction.

YBORT Instruction

At times there are 1ssues within a DSX that require the
DSX to abort (such as a mis-speculation). FIG. 17 illustrates

an embodiment of an execution of an 1nstruction for aborting
a DSX. As will be detailed herein, this instruction 1s referred
to as “YABORT.” Of course, the instruction may be referred
to by another name. In some embodiments, this execution 1s
performed on one more hardware cores of a hardware device
such as a central processing unit (CPU), graphics processing,
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unit (GPU), accelerated processing unit (APU), digital sig-
nal processor (DSP), etc. In other embodiments, the execu-
tion of the instruction 1s an emulation.

At 1701, a YABORT 1nstruction 1s received/fetched. For
example, the instruction 1s fetched from memory 1nto an
instruction cache or fetched from an instruction cache. The
tetched 1nstruction may take one of several forms as detailed
below.

FIG. 18 illustrates some exemplary embodiments of a
YABORT instruction format. In an embodiment, the
YABORT 1nstruction includes only an opcode (YABORT) as
shown 1 1801. Depending upon the YABORT implemen-
tation 1mplicit operands for a DSX status register and/or a
RTM status register are used. As detailed earlier, the DSX
status register may be a dedicated register, a tlag 1n a register
not dedicated to DSX status (such as an overall status
register like a flag register), etc.

In another embodiment, the YABORT instruction includes
not only an opcode, but also an explicit operand for a DSX
status register such as a DSX status register as shown 1n
1803. As detailed earlier, the DSX status register may be a
dedicated register, a tlag 1n a register not dedicated to DSX
status (such as an overall status register like a tlag register),
etc. Depending upon the YABORT immplementation an
implicit operands for a RTM status register 1s used.

In another embodiment, the YABORT 1nstruction includes
not only an opcode, but also explicit operands for a DSX
status register such as a DSX status register as and a RTM
status register as shown 1n 1805. As detailed earlier, the DSX
status register may be a dedicated register, a flag 1n a register
not dedicated to DSX status (such as an overall status
register like a flag register), etc.

Turning back to FIG. 17, the fetched/received YABORT
mstruction 1s decoded at 1703. In some embodiments, the
instruction 1s decoded by a hardware decoder such as those
detailed later. In some embodiments, the instruction i1s
decoded into micro-operations (micro-ops). For example,
some CISC based machines typically use micro-operations
that are derived from a macro-instruction. In other embodi-
ments, the decoding 1s a part of a software routine such as
a just-in-time compilation.

At 1705, any operand associated with the decoded
YABORT 1nstruction 1s retrieved. For example, the data
from one or more of a DSX register and/or a RTM status
register are retrieved.

The decoded YABORT 1nstruction 1s executed at 1707. In
embodiments where the instruction 1s decoded 1nto micro-
ops, these micro-ops are executed. The execution of the
decoded 1nstruction causes the hardware to do one or more
of the following acts to be performed: 1) determine that an
RTM transaction 1s active and abort the RTM transaction; 2)
determine that a DSX 1s not active and perform a no
operation; and/or 3) abort the DSX by resetting any DSX
nest count, discarding all speculatively executed writes,
setting the DSX status to mactive, and rolling back execu-
tion to a fallback address.

Regarding the first act, RTM status 1s typically stored in
a RTM status and control register. When this register indi-
cates that an RTM transaction 1s taking place, an YABORT
instruction should not have been executed. As such, there
was an 1ssue with the RTM transaction and it should abort.

Regarding the second and third acts, as detailed earlier, a
status for a DSX 1s typically stored 1n an accessible location
such as a register such as the DSX status and control register
(DSXSR) discussed above with respect to FIG. 1. However,
other means such as a DSX status flag 1n a non-dedicated
control/status register (such as a FLAGS register) may be
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utilized. This register may be checked by the hardware of the
core to determine 11 a DSX was 1indeed taking place. When
there 1s no DSX indicated by this register, then there would
be no reason to execute a YABORT nstruction and as such
a no operation (or similar operation) 1s performed. When
there 1s a DSX indicated by this register, then DSX abort
processing occurs including resetting the DSX tracking
hardware, discarding all stored speculatively executed
writes, and resetting the DSX status to be inactive, and
rolling back execution.

FIG. 19 illustrates a detailed embodiment of an execution
of an istruction such as a YABORT instruction. For
example, in some embodiments this tlow 1s box 1707 of FIG.
17. In some embodiments, this execution 1s performed on
one more hardware cores of a hardware device such as a
central processing umt (CPU), graphics processing unit
(GPU), accelerated processing unit (APU), digital signal
processor (DSP), etc. In other embodiments, the execution
of the instruction 1s an emulation.

In some embodiments, for example 1n a processor that
supports RTM transactions, a determination of 1if a RTM
transaction 1s occurring 1s made at 1901. For example, in
some embodiments of processors that support RTM, 1f a
RTM transaction was active then there should not have been
a DSX active i the first place. In this instance, something
went wrong in the RTM transaction and 1ts ending proce-
dures should be activated. Typically, RTM transaction status
1s stored 1n a register such as a RTM control and status
register. The hardware of the processor evaluates the con-
tents of this register to determine 1f there 1s an RTM
transaction occurring. When there 1s an RTM transaction
occurring, the RTM transaction continues to process 1903.

When there 1s not an RTM transaction occurring, or RTM
1s not supported, a determination of 1f a DSX 1s active 1s
made at 1905. A status for a DSX 1s typically stored in an
accessible location such as the DSX status and control
register (DSXSR) discussed above with respect to FIG. 1.
However, other means such as a DSX status flag 1mn a
non-dedicated control/status register (such as a FLAGS
register) may be utilized. This register may be checked by
the hardware of the core to determine if a DSX was taking
place.

When there 1s no DSX indicated by this register, then a
nop 1s performed at 1907. When there 1s a DSX 1ndicated by
this register, then DSX abort processing occurs at 1909
including resetting the DSX tracking hardware, discarding
all stored speculatively executed writes, and resetting the
DSX status to be 1nactive, and rolling back execution.

FIG. 20 illustrates an example of pseudo-code showing
the execution of an instruction such as a YABORT i1nstruc-
tion.

YTEST Instruction

Generally it 1s desirable for software to know 1 a DSX 1s
active or not before starting a new DSX speculative region.
FIG. 21 illustrates an embodiment of an execution of an
instruction for testing the status of DSX. As will be detailed
herein, this instruction 1s referred to as “YTEST” and 1s used
to provide an mdication of DSX active through the use of a
flag. Of course, the mstruction may be referred to by another
name.

In some embodiments, this execution 1s performed on one
more hardware cores of a hardware device such as a central
processing unit (CPU), graphics processing umt (GPU),
accelerated processing unit (APU), digital signal processor
(DSP), etc. In other embodiments, the execution of the
instruction 1s an emulation.
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At 2101, a YTEST 1instruction 1s received/tfetched. For
example, the instruction 1s fetched from memory 1nto an
instruction cache or fetched from an instruction cache. The
fetched instruction may take one of several forms. FIG. 22
illustrates some exemplary embodiments of a YTEST
instruction format. In an embodiment, the YTEST instruc-
tion 1ncludes an opcode (YTEST), but no explicit operands
as shown 1n 2201. Implicit operands for DSX status register
and a flag register are used. As detailed earlier, the DSX
status register may be a dedicated register, a flag in a register
not dedicated to DSX status (such as an overall status
register like a flag register, etc.). Exemplary flag registers
include an EFLAGS register. In particular, the flag register
1s to store a zero flag (ZF).

In another embodiment, the YTEST 1nstruction includes
not only an opcode, but an explicit operand for DSX status
such as a DSX status register as shown 1 2203. As detailed
carlier, the DSX status register may be a dedicated register,
a flag 1n a register not dedicated to DSX status (such as an
overall status register like a flag register, etc.). An implicit
operand for a tlag register 1s used. Exemplary flag registers
include an EFLAGS register. In particular, the flag register
1s to store a zero flag (ZF).

In another embodiment, the YTEST 1instruction includes
not only an opcode, but an explicit operand for a flag register
as shown 1 2205. Exemplary flags registers include an
EFLAGS register. In particular, the flag register 1s to store a
zero flag (ZF). An implicit operand for a DSX status register
1s used. As detailed earlier, the DSX status register may be
a dedicated register, a flag 1n a register not dedicated to DSX
status (such as an overall status register like a flag register,
etc.).

In another embodiment, the YTEST instruction includes
not only an opcode, but an explicit operand for DSX status
such as a DSX status register and a flag register as shown 1n
2207. As detailed earlier, the DSX status register may be a
dedicated register, a tlag 1n a register not dedicated to DSX
status (such as an overall status register like a flag register,
etc.). An implicit operand for a flag register 1s used. Exem-
plary flag registers include an EFLAGS register. In particu-
lar, the flag register 1s to store a zero flag (ZF).

Turning back to FIG. 21, the fetched/received YTEST
istruction 1s decoded at 2103. In some embodiments, the
istruction 1s decoded by a hardware decoder such as those
detailed later. In some embodiments, the instruction 1s
decoded into micro-operations (micro-ops). For example,
some CISC based machines typically use micro-operations
that are derived from a macro-instruction. In other embodi-
ments, the decoding 1s a part of a software routine such as
a just-in-time compilation.

At 2105, any operand associated with the decoded
YTEST 1nstruction 1s retrieved. For example, the data from
the DSX status register 1s retrieved.

The decoded YTEST 1nstruction 1s executed at 2107. In
embodiments where the instruction 1s decoded 1nto micro-
ops, these micro-ops are executed. The execution of the
decoded 1nstruction causes the hardware to do one or more
of the following acts to be performed: 1) determine that the
DSX status register indicates that a DSX 1s active and 11 so
set the zero flag 1n the flag register to 0 or 2) determine that
the DSX status register indicates that a DSX 1s not active and
if so set the zero flag in the flag register to 1. Of course,
while the zero flag 1s used to show DSX active status, other
flags are used depending upon the embodiment.

FIG. 23 illustrates an example of pseudo-code showing
the execution of an instruction such as a YTEST instruction.
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YEND Instruction

As a DSX comes to an end (for example, an 1teration of
a loop has run its course) without any 1ssues, 1n some
embodiments an instruction 1s executed to indicate the end
of a speculative region. In short, the execution of this
instruction causes the commitment of a current speculative
state (all writes that have not been written) and an exit from
the current speculative region.

FIG. 24 1llustrates an embodiment of an execution of an
instruction for ending a DSX. As will be detailed herein, this
instruction is referred to as “YEND” and 1s used to signal the
end of a DSX. Of course, the instruction may be referred to
by another name.

In some embodiments, this execution 1s performed on one
more hardware cores of a hardware device such as a central
processing unit (CPU), graphics processing umt (GPU),
accelerated processing unit (APU), digital signal processor
(DSP), etc. In other embodiments, the execution of the

istruction 1s an emulation.
At 2401, a YEND instruction 1s received/fetched. For

example, the instruction 1s fetched from memory 1nto an
instruction cache or fetched from an instruction cache. The
fetched 1nstruction may take one of several forms. FIG. 25
illustrates some exemplary embodiments of a YEND
instruction format. In an embodiment, the YEND instruction
includes an opcode (YEND), but no explicit operands as
shown 1n 2501. Depending upon the YEND implementation
implicit register operands for DSX status, nesting count,
and/or RTM status are used.

In another embodiment, the YEND instruction includes
not only an opcode, but an explicit operand for DSX status
such as a DSX status register as shown 1n 2503. As detailed
carlier, the DSX status register may be a dedicated register,
a tlag 1n a register not dedicated to DSX status (such as an
overall status register like a flag register, etc.). Depending
upon the YEND implementation implicit register operands
for nesting count and/or RTM status are used.

In another embodiment, the YEND instruction includes
not only an opcode, but an explicit operand for DSX nesting
count such as a DSX nest count register as shown 1n 2505.
As detailed earlier, the DSX nest count may be a dedicated
register, a flag 1n a register not dedicated to DSX nest count
(such as an overall status register). Depending upon the
YEND implementation implicit register operands for DSX
status and/or RTM status are used.

In another embodiment, the YEND 1instruction includes
not only an opcode, but an explicit operand for DSX status
such as a DSX status register and DSX nesting count such
as a DSX nest count register as shown in 2507. As detailed
carlier, the DSX status register may be a dedicated register,
a tlag 1n a register not dedicated to DSX status (such as an
overall status register like a flag register, etc.), and the DSX
nest count may be a dedicated register, a flag in a register not
dedicated to DSX nest count (such as an overall status
register). Depending upon the YEND implementation an
implicit operand for a RTM status register 1s used.

In another embodiment, the YEND instruction includes
not only an opcode, but an explicit operand for DSX status
such as a DSX status register, DSX nesting count such as a
DSX nest count register, and RTM status as shown 1n 2509.
As detailed earlier, the DSX status register may be a
dedicated register, a tlag 1n a register not dedicated to DSX
status (such as an overall status register like a flag register,
etc.), and the DSX nest count may be a dedicated register, a
flag 1n a register not dedicated to DSX nest count (such as
an overall status register).

Turning back to FIG. 24, the fetched/recerved YEND

instruction 1s decoded at 2403. In some embodiments, the
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instruction 1s decoded by a hardware decoder such as those
detailed later. In some embodiments, the instruction 1s
decoded into micro-operations (micro-ops). For example,
some CISC based machines typically use micro-operations
that are derived from a macro-instruction. In other embodi-
ments, the decoding 1s a part of a software routine such as
a just-in-time compilation.

At 24035, any operand associated with the decoded YEND
instruction 1s retrieved. For example, the data from one or
more of a DSX register, DSX nest count register, and/or a
RTM status register are retrieved.

The decoded YEND instruction 1s executed at 2407. In
embodiments where the instruction 1s decoded 1nto micro-
ops, these micro-ops are executed. The execution of the
decoded 1nstruction causes the hardware to do one or more
of the following acts to be performed: 1) make speculative
writes associated with the DSX final (commit them); 2)
signal a fault (such as a general protection fault) and perform
no operation; 3) abort the DSX; and/or 4) end a RTM
transaction.

The first of these acts (making speculative writes final)
causes all of the speculative writes associated with the DSX
to be commutted (stored such that they are accessible outside
of the DSX) and the DSX status 1s set to indicate that a DSX
does not exist 1n a DSX status register. For example, all
writes associated with the DSX (such as stored in cache,
registers, or memory) are committed such that they are
finalized and visible outside of the DSX. Typically, a DSX
cannot be finalized unless the nest count for that speculation
1s zero. If the nest count 1s greater than zero, then 1n some
embodiments, a NOP 1s performed.

It there was some reason that the DSX cannot be finalized,
then one or more of the other three potential actions takes
place. For example, in some embodiments of processors that
support RIM, 11 a RTM transaction was active then there
should not have been a DSX active 1n the first place. In this
instance, something went wrong 1n the RTM transaction and
its ending procedures should be activated as indicated by the
fourth act above.

In some embodiments, 11 there was no DSX then a fault
1s generated and no operation (NOP) 1s performed. For
example, as detailed earlier, a status for a DSX 1s typically
stored 1n an accessible location such as a register such as the
DSX status and control register (DSXSR) discussed above
with respect to FIG. 1. However, other means such as a DSX
status flag 1n a non-dedicated control/status register (such as
a FLAGS register) may be utilized. This register may be
checked by the hardware of the core to determine 11 a DSX
was indeed taking place.

In some embodiments, 1f there 1s a failure 1n the commiat-
ting of the transaction, then an abort procedure 1s 1mple-
mented. For example, in some embodiments of processors
that support RTM, the RTM abort procedures 1s activated.

Regardless of which act 1s performed, 1n most embodi-
ments, after that act the DSX state 1s reset (if 1t was set) to
indicate that there 1s no pending DSX.

FI1G. 26 1llustrates a detailed embodiment of an execution
of an instruction such as a YEND instruction. For example,
in some embodiments this flow 1s box 2407 of FIG. 24. In
some embodiments, this execution i1s performed on one
more hardware cores of a hardware device such as a central
processing umt (CPU), graphics processing unit (GPU),
accelerated processing unit (APU), digital signal processor
(DSP), etc. In other embodiments, the execution of the
instruction 1s an emulation.

In some embodiments, for example 1 a processor that
supports RTM transactions, a determination of 1if a RTM
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transaction 1s occurring 1s made at 2601. For example, in
some embodiments of processors that support RTM, i a
RTM transaction was active then there should not have been
a DSX active 1n the first place. In this instance, something
went wrong 1n the RTM transaction and its ending proce-
dures should be activated. Typically, RTM transaction status
1s stored 1n a register such as a RTM control and status
register. The hardware of the processor evaluates the con-
tents of this register to determine 1f there 1s an RTM
transaction occurring.

When there 1s an RTM transaction occurring, a call to end
that RIM transaction 1s made at 2603. For example, an
istruction to end an RIM transaction 1s called and
executed. An example of such an instruction 1s XEND.

When there 1s not an RTM transaction occurring, a
determination of 1 a DSX 1s active 1s made at 2605. As
detailed above, DSX status 1s typically stored 1 a control
register such as a DSX status and control register (DSXSR)
shown 1n FIG. 1. However, other means such as a DSX
status flag 1n a non-dedicated control/status register (such as
a FLAGS register) may be utilized. Regardless of where the
status 1s stored, the location 1s checked by the hardware of
the processor to determine 11 a DSX was indeed taking place.

When there 1s not a DSX occurring, a fault 1s generated
at 2607. For example, a general protection fault 1s generated.
Additionally, 1n some embodiments a no operation (nop) 1s
performed.

When there 1s a DSX occurring, a DSX nest count 1s
decremented at 2609. For example, a stored DSX nest count
stored 1n a DSX nest count register such as detailed above
1s decremented.

A determination of 1f the DSX nest count 1s equal to zero
1s made at 2611. As detailed above, DSX nest count 1s
typically stored 1n a register. When the DSX nest count 1s not
zero, 1n some embodiments, a NOP 1s performed. When the
DSX nest count 1s zero, the current DSX’s speculative state
1s made final and committed at 2615.

A determination of 1f the commitment was successiul 1s
made at 2617. For example, was there an error in storing? It
not, then the DSX 1s aborted at 2621. When the commitment
was successiul, a DSX status indication (such as stored in a
DSX status and control register) 1s set to indicate that there
1s no DSX active at 2619. In some embodiments, the setting
of this indication occurs atter the generation of a fault 2607
or the abort of the DSX 2621.

FIG. 27 illustrates an example of pseudo-code showing
the execution of an istruction such as a YEND instruction.

Discussed below are embodiments of instruction formats
and execution resources to execute the above described
instructions.

An 1nstruction set includes one or more instruction for-
mats. A given instruction format defines various fields
(number of bits, location of bits) to specily, among other
things, the operation to be performed (opcode) and the
operand(s) on which that operation 1s to be performed. Some
instruction formats are further broken down though the
definition of instruction templates (or subformats). For
example, the instruction templates ol a given instruction
format may be defined to have different subsets of the
instruction format’s fields (the included fields are typically
in the same order, but at least some have different bit
positions because there are less fields included) and/or
defined to have a given field interpreted diflerently. Thus,
cach istruction of an ISA 1s expressed using a given
instruction format (and, if defined, in a given one of the
instruction templates of that instruction format) and includes
fields for specitying the operation and the operands. For
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example, an exemplary ADD instruction has a specific
opcode and an 1instruction format that includes an opcode
field to specily that opcode and operand fields to select
operands (sourcel/destination and source2); and an occur-
rence of this ADD instruction in an instruction stream will
have specific contents in the operand fields that select
specific operands. A set of SIMD extensions referred to the
Advanced Vector Extensions (AVX) (AVX1 and AVX2) and
using the Vector Extensions (VEX) coding scheme, has
been, has been released and/or published (e.g., see Intel® 64
and IA-32 Architectures Soitware Developers Manual,
October 2011; and see Intel® Advanced Vector Extensions
Programming Reference, June 2011).

Exemplary Instruction Formats

Embodiments of the mstruction(s) described herein may
be embodied m diflerent formats. Additionally, exemplary
systems, architectures, and pipelines are detailed below.
Embodiments of the mstruction(s) may be executed on such
systems, architectures, and pipelines, but are not limited to
those detailed.

Generic Vector Friendly Instruction Format

A vector Iriendly instruction format i1s an 1nstruction
format that 1s suited for vector instructions (e.g., there are
certain fields specific to vector operations). While embodi-
ments are described 1 which both vector and scalar opera-
tions are supported through the vector friendly instruction
format, alternative embodiments use only vector operations
the vector fnendly instruction format.

FIGS. 28A-28B are block diagrams 1llustrating a generic
vector Inendly mstruction format and 1nstruction templates
thereol according to embodiments of the invention. FIG.
28 A 15 a block diagram 1llustrating a generic vector friendly
instruction format and class A instruction templates thereof
according to embodiments of the invention; while FIG. 28B
1s a block diagram illustrating the generic vector friendly
instruction format and class B instruction templates thereof
according to embodiments of the mvention. Specifically, a
generic vector friendly istruction format 2800 for which are
defined class A and class B instruction templates, both of
which include no memory access 2805 instruction templates
and memory access 2820 instruction templates. The term
generic 1n the context of the vector fnendly instruction
format refers to the mnstruction format not being tied to any
specific mstruction set.

While embodiments of the invention will be described in
which the vector friendly instruction format supports the
following: a 64 byte vector operand length (or size) with 32
bit (4 byte) or 64 bit (8 byte) data element widths (or sizes)
(and thus, a 64 byte vector consists of either 16 doubleword-
s1ze elements or alternatively, 8 quadword-size elements); a
64 byte vector operand length (or size) with 16 bit (2 byte)
or 8 bit (1 byte) data element widths (or sizes); a 32 byte
vector operand length (or size) with 32 bit (4 byte), 64 bit (8
byte), 16 bit (2 byte), or 8 bit (1 byte) data element widths
(or sizes); and a 16 byte vector operand length (or size) with
32 bit (4 byte), 64 bit (8 byte), 16 bit (2 byte), or 8 bit (1
byte) data element widths (or sizes); alternative embodi-
ments may support more, less and/or diflerent vector oper-
and sizes (e.g., 256 byte vector operands) with more, less, or
different data element widths (e.g., 128 bit (16 byte) data
clement widths).

The class A mstruction templates in FIG. 28A include: 1)
within the no memory access 2805 instruction templates
there 1s shown a no memory access, full round control type
operation 2810 instruction template and a no memory
access, data transform type operation 2815 instruction tem-
plate; and 2) within the memory access 2820 instruction
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templates there 1s shown a memory access, temporal 2825
instruction template and a memory access, non-temporal
2830 instruction template. The class B instruction templates
in FIG. 28B include: 1) within the no memory access 2805
istruction templates there 1s shown a no memory access,
write mask control, partial round control type operation
2812 instruction template and a no memory access, write
mask control, vsize type operation 2817 instruction tem-
plate; and 2) within the memory access 2820 instruction
templates there 1s shown a memory access, write mask
control 2827 instruction template.

The generic vector Iriendly instruction format 2800
includes the following fields listed below in the order
illustrated in FIGS. 28 A-28B.

Format field 2840—a specific value (an instruction format
identifier value) in this field uniquely 1dentifies the vector
friendly 1nstruction format, and thus occurrences of mstruc-
tions 1n the vector friendly instruction format in 1nstruction
streams. As such, this field 1s optional in the sense that it 1s
not needed for an instruction set that has only the generic
vector Iriendly instruction format.

Base operation field 2842—its content distinguishes dif-
ferent base operations.

Register index field 2844—its content, directly or through
address generation, specifies the locations of the source and
destination operands, be they in registers or in memory.
These include a suflicient number of bits to select N registers
from a PxQ (e.g. 32x512, 16x128, 32x1024, 64x1024)
register file. While 1n one embodiment N may be up to three
sources and one destination register, alternative embodi-
ments may support more or less sources and destination
registers (e.g., may support up to two sources where one of
these sources also acts as the destination, may support up to
three sources where one of these sources also acts as the
destination, may support up to two sources and one desti-
nation).

Modifier field 2846—its content distinguishes occur-
rences ol instructions 1n the generic vector mstruction for-
mat that specily memory access from those that do not; that
1s, between no memory access 2805 instruction templates
and memory access 2820 instruction templates. Memory
access operations read and/or write to the memory hierarchy
(In some cases specilying the source and/or destination
addresses using values in registers), while non-memory
access operations do not (e.g., the source and destinations
are registers). While mn one embodiment this field also
selects between three different ways to perform memory
address calculations, alternative embodiments may support
more, less, or different ways to perform memory address
calculations.

Augmentation operation field 2850—its content distin-
guishes which one of a variety of diflerent operations to be
performed 1n addition to the base operation. This field 1s
context specific. In one embodiment of the imvention, this
field 1s divided nto a class field 2868, an alpha field 2852,
and a beta field 2854. The augmentation operation field 2850
allows common groups of operations to be performed 1n a
single instruction rather than 2, 3, or 4 instructions.

Scale field 2860—its content allows for the scaling of the
index field’s content for memory address generation (e.g.,
for address generation that uses 2°“***index+base).

Displacement Field 2862A—its content 1s used as part of
memory address generation (e.g., for address generation that
uses 2°°“**index+base+displacement).

Displacement Factor Field 2862B (note that the juxtapo-
sition of displacement field 2862 A directly over displace-
ment factor field 2862B indicates one or the other 1s used)—
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its content 1s used as part of address generation; 1t specifies
a displacement factor that 1s to be scaled by the size of a
memory access (N)—where N 1s the number of bytes 1n the
memory access (e.g., for address generation that uses
2sealekindex+base+scaled displacement). Redundant low-
order bits are 1ignored and hence, the displacement factor
field’s content 1s multiplied by the memory operands total
s1ize (N) 1n order to generate the final displacement to be
used 1n calculating an eflective address. The value of N 1s

determined by the processor hardware at runtime based on
the tull opcode field 2874 (described later herein) and the
data manipulation field 2854C. The displacement field
2862 A and the displacement factor field 28628 are optional
in the sense that they are not used for the no memory access
2805 instruction templates and/or different embodiments
may implement only one or none of the two.

Data element width field 2864—its content distinguishes
which one of a number of data element widths 1s to be used
(in some embodiments for all instructions; in other embodi-
ments for only some of the instructions). This field 1s
optional 1n the sense that 1t 1s not needed 11 only one data
clement width 1s supported and/or data element widths are
supported using some aspect of the opcodes.

Write mask field 2870—its content controls, on a per data
clement position basis, whether that data element position 1n
the destination vector operand reflects the result of the base
operation and augmentation operation. Class A 1nstruction
templates support merging-writemasking, while class B
instruction templates support both merging- and zeroing-
writemasking. When merging, vector masks allow any set of
clements i the destination to be protected from updates
during the execution of any operation (specified by the base
operation and the augmentation operation); 1 other one
embodiment, preserving the old value of each element of the
destination where the corresponding mask bit has a 0. In
contrast, when zeroing vector masks allow any set of ele-
ments in the destination to be zeroed during the execution of
any operation (specified by the base operation and the
augmentation operation); in one embodiment, an element of
the destination 1s set to O when the corresponding mask bit
has a 0 value. A subset of this functionality 1s the ability to
control the vector length of the operation being performed
(that 1s, the span of elements being modified, from the first
to the last one); however, 1t 1s not necessary that the elements
that are modified be consecutive. Thus, the write mask field
2870 allows for partial vector operations, mcluding loads,
stores, arithmetic, logical, etc. While embodiments of the
invention are described 1n which the write mask field’s 2870
content selects one of a number of write mask registers that
contains the write mask to be used (and thus the write mask
field’s 2870 content indirectly identifies that masking to be
performed), alternative embodiments instead or additional
allow the mask write field’s 2870 content to directly specity
the masking to be performed.

Immediate field 2872—ts content allows for the specifi-
cation of an immediate. This field 1s optional 1n the sense
that 1s 1t not present 1n an 1mplementation of the generic
vector Iriendly format that does not support immediate and
it 1s not present 1n structions that do not use an immediate.

Class field 2868—its content distinguishes between dif-
terent classes of instructions. With reference to FIGS. 28 A-
B, the contents of this field select between class A and class
B 1nstructions. In FIGS. 28A-B, rounded corner squares are

used to indicate a specific value 1s present 1n a field (e.g.,
class A 2868A and class B 2868B for the class field 2868

respectively 1 FIGS. 28A-B).
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Instruction Templates of Class A

In the case of the non-memory access 2805 1nstruction
templates of class A, the alpha field 28352 1s interpreted as an
RS field 2852A, whose content distinguishes which one of

the different augmentation operation types are to be per-
formed (e.g., round 2852A.1 and data transform 2852A.2

are respectively specified for the no memory access, round
type operation 2810 and the no memory access, data trans-

form type operation 2815 instruction templates), while the
beta field 2854 distinguishes which of the operations of the
specified type 1s to be performed. In the no memory access
2805 1nstruction templates, the scale field 2860, the dis-
placement field 2862A, and the displacement scale filed
28628 are not present.

No-Memory Access Instruction Templates—Full Round
Control Type Operation

In the no memory access full round control type operation
2810 1nstruction template, the beta field 2834 1s interpreted
as a round control field 2854A, whose content(s) provide
static rounding. While in the described embodiments of the
invention the round control field 2854A includes a suppress
all floating point exceptions (SAE) field 2856 and a round
operation control field 2858, alternative embodiments may
support may encode both these concepts into the same field
or only have one or the other of these concepts/fields (e.g.,
may have only the round operation control field 2858).

SAE field 2856—its content distinguishes whether or not
to disable the exception event reporting; when the SAE
ficld’s 2856 content indicates suppression 1s enabled, a
given struction does not report any kind of floating-point
exception flag and does not raise any floating point excep-
tion handler.

Round operation control field 2858—its content distin-
guishes which one of a group of rounding operations to
perform (e.g., Round-up, Round-down, Round-towards-zero
and Round-to-nearest). Thus, the round operation control
ficld 2858 allows for the changing of the rounding mode on
a per 1struction basis. In one embodiment of the mvention
where a processor includes a control register for specifying
rounding modes, the round operation control field’s 28350
content overrides that register value.

No Memory Access Instruction Templates—Data Trans-
form Type Operation

In the no memory access data transform type operation
2815 1instruction template, the beta field 2854 1s interpreted
as a data transform field 2854B, whose content distinguishes
which one of a number of data transforms 1s to be performed
(e.g., no data transform, swizzle, broadcast).

In the case of a memory access 2820 instruction template
of class A, the alpha field 2852 1s interpreted as an eviction
hint field 28528, whose content distinguishes which one of
the eviction hints 1s to be used (in FIG. 28A, temporal
28528.1 and non-temporal 2852B.2 are respectively speci-
fied for the memory access, temporal 28235 instruction
template and the memory access, non-temporal 2830
instruction template), while the beta field 2854 1s interpreted
as a data manipulation field 2854C, whose content distin-
guishes which one of a number of data manipulation opera-
tions (also known as primitives) 1s to be performed (e.g., no
mampulation; broadcast; up conversion of a source; and
down conversion of a destination). The memory access 2820
istruction templates include the scale field 2860, and
optionally the displacement field 2862A or the displacement
scale field 2862B.

Vector memory 1nstructions perform vector loads from
and vector stores to memory, with conversion support. As
with regular vector mstructions, vector memory mnstructions
transier data from/to memory 1n a data element-wise fash-
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ion, with the elements that are actually transierred 1s dictated
by the contents of the vector mask that 1s selected as the
write mask.

Memory Access Instruction Templates—Temporal

Temporal data 1s data likely to be reused soon enough to
benelit from caching. This 1s, however, a hint, and diflerent
processors may implement 1t in different ways, including
ignoring the hint entirely.

Memory Access Instruction Templates—Non-Temporal

Non-temporal data 1s data unlikely to be reused soon
enough to benefit from caching in the 1st-level cache and
should be given prionity for eviction. This 1s, however, a
hint, and different processors may implement 1t in different
ways, including ignoring the hint entirely.

Instruction Templates of Class B

In the case of the instruction templates of class B, the
alpha field 2852 1s interpreted as a write mask control (7)
field 2852C, whose content distinguishes whether the write
masking controlled by the write mask field 2870 should be
a merging or a zeroing.

In the case of the non-memory access 2803 1instruction
templates of class B, part of the beta field 28354 1s interpreted
as an RL field 2857A, whose content distinguishes which
one of the different augmentation operation types are to be
performed (e.g., round 2857A.1 and vector length (VSIZE)
2857A.2 are respectively specified for the no memory
access, write mask control, partial round control type opera-
tion 2812 instruction template and the no memory access,
write mask control, VSIZE type operation 2817 instruction
template), while the rest of the beta field 2854 distinguishes
which of the operations of the specified type 1s to be
performed. In the no memory access 2803 1nstruction tem-
plates, the scale field 2860, the displacement field 2862A,
and the displacement scale filed 2862B are not present.

In the no memory access, write mask control, partial
round control type operation 2810 instruction template, the
rest of the beta field 2854 1s interpreted as a round operation
field 2859A and exception event reporting 1s disabled (a
given mstruction does not report any kind of floating-point
exception flag and does not raise any floating point excep-
tion handler).

Round operation control field 2859A—just as round
operation control field 2858, 1ts content distinguishes which
one of a group of rounding operations to perform (e.g.,
Round-up, Round-down, Round-towards-zero and Round-
to-nearest). Thus, the round operation control fiecld 2859A
allows for the changing of the rounding mode on a per
instruction basis. In one embodiment of the invention where
a processor icludes a control register for specilying round-
ing modes, the round operation control field’s 2850 content
overrides that register value.

In the no memory access, write mask control, VSIZE type
operation 2817 instruction template, the rest of the beta field
2854 1s iterpreted as a vector length field 28598, whose
content distinguishes which one of a number of data vector
lengths 1s to be performed on (e.g., 128, 256, or 512 byte).

In the case of a memory access 2820 1nstruction template
of class B, part of the beta field 2854 is interpreted as a
broadcast field 28578, whose content distinguishes whether
or not the broadcast type data manipulation operation 1s to
be performed, while the rest of the beta field 2854 1s
interpreted the vector length field 2859B. The memory
access 2820 instruction templates include the scale field

2860, and optionally the displacement field 2862A or the
displacement scale field 2862B.
With regard to the generic vector irnendly instruction

tormat 2800, a full opcode field 2874 1s shown including the

10

15

20

25

30

35

40

45

50

55

60

65

30

format field 2840, the base operation field 2842, and the data
clement width field 2864. While one embodiment 1s shown
where the full opcode field 2874 includes all of these fields,
the full opcode field 2874 includes less than all of these
fields 1n embodiments that do not support all of them. The
tull opcode field 2874 provides the operation code (opcode).

The augmentation operation field 28350, the data element
width field 2864, and the write mask field 2870 allow these

features to be specified on a per instruction basis 1n the

generic vector friendly nstruction format.

The combination of write mask field and data element
width field create typed mstructions in that they allow the
mask to be applied based on different data element widths.
The various instruction templates found within class A
and class B are beneficial 1n different situations. In some
embodiments of the invention, different processors or dii-
ferent cores within a processor may support only class A,
only class B, or both classes. For instance, a high perfor-
mance general purpose out-of-order core intended for gen-
eral-purpose computing may support only class B, a core
intended primarily for graphics and/or scientific (through-
put) computing may support only class A, and a core
intended for both may support both (of course, a core that
has some mix of templates and instructions from both
classes but not all templates and instructions from both
classes 1s within the purview of the invention). Also, a single
processor may include multiple cores, all of which support
the same class or 1n which different cores support different
class. For instance, 1n a processor with separate graphics and
general purpose cores, one of the graphics cores intended
primarily for graphics and/or scientific computing may
support only class A, while one or more of the general
purpose cores may be high performance general purpose
cores with out of order execution and register renaming
intended for general-purpose computing that support only
class B. Another processor that does not have a separate
graphics core, may include one more general purpose 1n-
order or out-of-order cores that support both class A and
class B. Of course, features from one class may also be
implement 1n the other class in different embodiments of the
invention. Programs written 1n a high level language would
be put (e.g., just 1n time compiled or statically compiled)
into an variety of diflerent executable forms, including: 1) a
form having only 1nstructions of the class(es) supported by
the target processor for execution; or 2) a form having
alternative routines written using diflerent combinations of
the instructions of all classes and having control flow code
that selects the routines to execute based on the nstructions
supported by the processor which 1s currently executing the
code.

Exemplary Specific Vector Friendly Instruction Format

FIGS. 29A-D are a block diagram illustrating an exem-
plary specific vector friendly instruction format according to
embodiments of the invention. FIGS. 29A-D show a specific
vector Triendly instruction format 2900 that 1s specific in the
sense that 1t specifies the location, size, interpretation, and
order of the fields, as well as values for some of those fields.
The specific vector friendly istruction format 2900 may be
used to extend the x86 1nstruction set, and thus some of the
fields are similar or the same as those used in the existing
x86 1nstruction set and extension thereof (e.g., AVX). This
format remains consistent with the prefix encoding field, real
opcode byte field, MOD RIM field, SIB field, displacement
field, and immediate fields of the existing x86 nstruction set
with extensions. The fields from FIG. 28 into which the
fields from FIGS. 29A-D map are 1illustrated.
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It should be understood that, although embodiments of the
invention are described with reference to the specific vector
friendly mstruction format 2900 1n the context of the generic
vector friendly instruction format 2800 for illustrative pur-
poses, the invention 1s not limited to the specific vector
friendly instruction format 2900 except where claimed. For
example, the generic vector friendly mstruction format 2800
contemplates a variety ol possible sizes for the various
fields, while the specific vector iriendly instruction format
2900 1s shown as having fields of specific sizes. By way of
specific example, while the data element width field 2864 1s
illustrated as a one bit field in the specific vector friendly
instruction format 2900, the invention 1s not so limited (that
1s, the generic vector iriendly instruction format 2800 con-
templates other sizes of the data element width field 2864).

The generic vector iriendly mstruction format 2800

includes the following fields listed below in the order
illustrated 1n FIG. 29A.
EVEX Prefix (Bytes 0-3) 2902—1s encoded 1n a four-byte

form.
Format Field 2840 (EVEX Byte 0, bits [7:0])—the first

byte (EVEX Byte 0) 1s the format field 2840 and it contains
0x62 (the umique value used for distinguishing the vector
friendly 1nstruction format 1n one embodiment of the inven-
tion).

The second-fourth bytes (EVEX Bytes 1-3) include a
number of bit fields providing specific capability.
REX field 2905 (EVEX Byte 1, bits [7-5])——consists of a
EVEX.R bit field (EVEX Syte 1, bit [7]—R), EVEX.X bit
field (EV HX byte 1, bit —X) and 2857BEX byte 1,
bit[3]—B). The EVEX R, EVEX X, and EVEX.B bit ﬁelds
prowde the same functionality as the corresponding VEX bait
fields, and are encoded using 1 s complement form, 1.e.
/ZMMO 1s encoded as 1111B, ZMM15 1s encoded as 0000B.
Other fields of the mstructions encode the lower three bits of
the register indexes as 1s known 1n the art (rrr, xxx, and bbb),
so that Rrrr, Xxxx, and Bbbb may be formed by adding
EVEX.R, EVEX X, and EVEX B.
REX' field 2810—this 1s the first part of the REX' field
2810 and 1s the EVEXR' bit field (EVEX Byte 1, bit
[4]—R") that 1s used to encode either the upper 16 or lower
16 of the extended 32 register set. In one embodiment of the
invention, this bit, along with others as indicated below, 1s
stored 1n bit mverted format to distinguish (1n the well-
known x86 32-bit mode) from the BOUND instruction,

whose real opcode byte 1s 62, but does not accept 1n the
MOD R/M field (described below) the value of 11 1n the
MOD field; alternative embodiments of the invention do not
store this and the other indicated bits below 1n the mverted
format. A value of 1 1s used to encode the lower 16 registers.
In other words, R'Rrrr 1s formed by combining EVEX R',
EVEX R, and the other RRR from other fields.

Opcode map field 2915 (EVEX byte 1, bits [3:0]—
mmmm }—its content encodes an implied leading opcode
byte (OF, OF 38, or OF 3).

Data element width field 2864 (EVEX byte 2, bit [7]—
W)—is represented by the notation EVEX.W. EVEX.W 1s
used to define the granularity (size) of the datatype (either
32-bit data elements or 64-bit data elements).

EVEX.vvvv 2920 (EVEX Byte 2, bits [6:3]—vvvv)—the
role of EVEX.vvvv may 1nclude the {following: 1)
EVEX.vvvv encodes the first source register operand, speci-
fied 1n mverted (1 s complement) form and 1s valid for
instructions with 2 or more source operands; 2) EVEX .vvvv
encodes the destination register operand, specified i 1 s
complement form for certain vector shifts; or 3) EVEX .vvvv
does not encode any operand, the field i1s reserved and
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should contain 1111b. Thus, EVEX.vvvv field 2920 encodes
the 4 low-order bits of the first source register specifier
stored 1 mverted (1 s complement) form. Depending on the
mstruction, an extra different EVEX bit field 1s used to

extend the specifier size to 32 registers.

EVEX.0 2868 Class field (EVEX byte 2, bit [2]—U)—If
EVEX.0=0, 1t indicates class A or EVEX.UO; 1if EVEX.0-1,
it 1ndicates class B or EVEX.U1.

Prefix encoding field 2925 (EVEX byte 2, bits [1:0]—

pp)—provides additional bits for the base operation field. In
addition to providing support for the legacy SSE instructions
in the EVEX prefix format, this also has the benefit of
compacting the SIMD prefix (rather than requiring a byte to
express the SIMD prefix, the EVEX prefix requires only 2

bits). In one embodiment, to support legacy SSE instructions

that use a SIMD prefix (66H, F2H, F3H) 1n both the legacy
format and in the EVEX prefix format, these legacy SIMD
prefixes are encoded into the SIMD prefix encoding field;
and at runtime are expanded into the legacy SIMD prefix
prior to being provided to the decoder’s PLA (so the PLA
can execute both the legacy and EVEX format of these
legacy nstructions without modification). Although newer
instructions could use the EVEX prefix encoding field’s
content directly as an opcode extension, certain embodi-
ments expand 1n a similar fashion for consistency but allow
for different meanings to be specified by these legacy SIMD
prefixes. An alternative embodiment may redesign the PLA
to support the 2 bit SIMD prefix encodings, and thus not
require the expansion.

Alpha field 2852 (EVEX byte 3, bit [7/]—EH; also known
as EVEX.EH, EVEX.rs, EVEX.RL, E

EVEX.write mask con-
trol, and EVEX.N; also illustrated with a)—as previously

described, this field 1s context specific.
Beta ficld 2854 (EVEX byte 3, bits [6:4]—SSS, also

known as EVEX.s, ,, EVEX.r, ,, EVEX.rrl, EVEX.LLO,
also 1llustrated with BBB)—aS previously

EVEX.LLB;
described, thJS field 1s context specific.

REX' field 2810—this 1s the remainder of the REX' field
and 1s the EVEX. V' bit field (EVEX Byte 3, bit [3]—V") that
may be used to encode either the upper 16 or lower 16 of the
extended 32 register set. This bit 1s stored in bit inverted
format. A value of 1 1s used to encode the lower 16 registers.
In other words, V'VVVYV 1s formed by combining EVEX. V',
EVEX.vvvv.

Write mask field 2870 (EVEX byte 3, bits [2:0]—kkk)—
its content specifies the index of a register in the write mask
registers as previously described. In one embodiment of the
invention, the specific value EVEX kkk=000 has a special
behavior implying no write mask 1s used for the particular
instruction (this may be implemented in a variety of ways
including the use of a write mask hardwired to all ones or
hardware that bypasses the masking hardware).

Real Opcode Field 2930 (Byte 4) 1s also known as the
opcode byte. Part of the opcode 1s specified 1n this field.

MOD R/M Field 2940 (Byte 5) includes MOD field 2942,
Reg field 2944, and R/M field 2946. As previously
described, the MOD field’s 2942 content distinguishes
between memory access and non-memory access operations.
The role of Reg field 2944 can be summarized to two
situations: encoding either the destination register operand
or a source register operand, or be treated as an opcode
extension and not used to encode any instruction operand.
The role of R/M field 2946 may include the following:
encoding the instruction operand that references a memory
address, or encoding either the destination register operand
or a source register operand.




US 10,942,744 B2

33

Scale, Index, Base (SIB) Byte (Byte 6)—As previously
described, the scale field’s 2850 content 1s used for memory
address generation. SIB.xxx 2954 and SIB.bbb 2956—the
contents of these fields have been previously referred to with
regard to the register indexes Xxxx and Bbbb.

Displacement field 2862A (Bytes 7-10)—when MOD
ficld 2942 contains 10, bytes 7-10 are the displacement field
2862 A, and 1t works the same as the legacy 32-bit displace-
ment (disp32) and works at byte granularity.

Displacement factor field 28628 (Byte 7)—when MOD
ficld 2942 contains 01, byte 7 1s the displacement factor field
2862B. The location of this field 1s that same as that of the
legacy x86 instruction set 8-bit displacement (disp8), which
works at byte granularity. Since disp8 1s sign extended, it can
only address between —128 and 127 bytes ofisets; 1n terms
of 64 byte cache lines, disp8 uses 8 bits that can be set to
only four really usetul values —128, -64, 0, and 64; since a
greater range 1s often needed, dlsp32 1s used; hewever
disp32 requires 4 bytes. In contrast to disp8 and dlsp32 the
displacement factor field 2862B 1s a reinterpretation of
disp8; when using displacement factor field 2862B, the
actual displacement i1s determined by the content of the
displacement factor field multiplied by the size of the
memory operand access (N). This type of displacement 1s
referred to as disp8*N. This reduces the average instruction
length (a single byte of used for the displacement but with
a much greater range). Such compressed displacement 1s
based on the assumption that the effective displacement 1s
multiple of the granularity of the memory access, and hence,
the redundant low-order bits of the address oflset do not
need to be encoded. In other words, the displacement factor
ficld 28628 substitutes the legacy x86 instruction set 8-bit
displacement. Thus, the displacement factor field 2862B 1is
encoded the same way as an x86 instruction set 8-bit
displacement (so no changes 1n the ModRM/SIB encoding
rules) with the only exception that disp8 1s overloaded to
disp8*N. In other words, there are no changes in the
encoding rules or encoding lengths but only 1n the interpre-
tation of the displacement value by hardware (which needs
to scale the displacement by the size of the memory operand
to obtain a byte-wise address oilset).

Immediate field 2872 operates as previously described.

Full Opcode Field

FIG. 29B i1s a block diagram 1llustrating the fields of the
specific vector friendly mstruction format 2900 that make up
the full opcode field 2874 according to one embodiment of
the invention. Specifically, the full opcode field 2874
includes the format field 2840, the base operation field 2842,
and the data eclement Wldth (W) field 2864. The base
operation field 2842 includes the prefix encoding field 2925,
the opcode map field 2915, and the real opcode field 2930.

Register Index Field

FIG. 29C 1s a block diagram 1llustrating the fields of the
specific vector friendly mstruction format 2900 that make up
the register index field 2844 according to one embodiment
of the invention. Specifically, the register index field 2844

includes the REX field 2905, the REX' field 2910, the
MODR/M.reg field 2944, the MODR/M.r/m field 2946, the
VVVV field 2920, xxx field 2954, and the bbb field 2956.
Augmentation Operation Field
FIG. 29D 1s a block diagram 1llustrating the fields of the
specific vector friendly mstruction format 2900 that make up
the augmentation operation field 2850 according to one

embodiment of the mnvention. When the class (U) field 2868
contains 0, 1t signifies EVEX.UO (class A 2868A); when 1t
contains 1, 1t signifies EVEX. U1 (class B 2868B). When
U=0 and the MOD field 2942 contains 11 (signifying a no
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memory access operation), the alpha field 2852 (EVEX byte
3, bit [7]—EH) 1s interpreted as the rs field 2852 A. When the
rs field 2852A contains a 1 (round 2852A.1), the beta field
2854 (EVEX byte 3, bits [6:4]—SSS) 1s interpreted as the
round control field 2854 A. The round control field 2854 A
includes a one bit SAE field 2856 and a two bit round
operation ficld 2858. When the rs field 2852 A contains a 0
(data transform 2852 A.2), the beta field 2854 (EVEX byte 3,
bits [6:4]—SSS) 1s interpreted as a three bit data transform

field 2854B. When U=0 and the MOD field 2942 contains
00, 01, or 10 (s1ignifying a memory access operation), the
alpha field 2852 (EVEX byte 3, bit [7]—EH) 1s iterpreted
as the eviction hint (EH) field 2852B and the beta field 2854
(EVEX byte 3, bits [6:4]—SSS) 1s mterpreted as a three bit
data manipulation field 2854C.

When U=1, the alpha field 2852 (EVEX byte 3, bit
|7]—EH) 15s 1nterpreted as the write mask control (7) ﬁeld
2852C. When U=1 and the MOD field 2942 contains 11
(s1ignifying a no memory access operation), part of the beta
ficld 2854 (EVEX byte 3, bit [4]—S,) 1s interpreted as the
RL field 2857A; when 1t contains a 1 (round 2857A.1) the
rest of the beta field 2854 (EVEX byte 3, bit [6-5]—S,_,) 1s
interpreted as the round operation field 2859A, while when
the RL field 2857 A contains a O (VSIZE 2857.A2) the rest
of the beta field 2854 (EVEX byte 3, bit [6-3]—S, ;) 1s
interpreted as the vector length field 2859B (EVEX byte 3,
bit [6-5]—L, ). When U=1 and the MOD ficld 2942
contains 00, 01, or 10 (signifying a memory access opera-
tion), the beta field 2854 (EVEX byte 3, bits [6:4]—SSS) 1s
interpreted as the vector length field 2859B (EVEX byte 3,
bit [6-5]—L,_5) and the broadcast field 2857B (EVEX byte
3, bit [4]—B).

Exemplary Register Architecture

FIG. 30 1s a block diagram of a register architecture 3000
according to one embodiment of the invention. In the
embodiment illustrated, there are 32 vector registers 3010
that are 512 bits wide; these registers are referenced as
zmm0O through zmm31. The lower order 256 bits of the
lower 16 zmm registers are overlaid on registers ymmO-16.
The lower order 128 bits of the lower 16 zmm registers (the
lower order 128 bits of the ymm registers) are overlaid on
registers xmmO-135. The specific vector friendly instruction
format 2900 operates on these overlaid register file as
illustrated 1n the below tables.

Adjustable Vector

Length Class Operations  Registers
Instruction Templates A (FIG. 2810, 2815, zmm registers (the vector
that do not include the 28A; 2825, 2830  length 1s 64 byte)
vector length field U =0)
28598 B (FIG. 2812 zmm registers (the vector
28B; length 1s 64 byte)
U=1)
Instruction templates B (FIG. 2817, 2827  zmm, ymm, or Xmim
that do nclude the 28B; registers (the vector
vector length field U=1) length 1s 64 byte, 32

28598 byte, or 16 byte)

depending on the
vector length field 28598

In other words, the vector length field 28598 selects
between a maximum length and one or more other shorter
lengths, where each such shorter length 1s half the length of
the preceding length; and instructions templates without the
vector length field 28598 operate on the maximum vector
length. Further, 1n one embodiment, the class B instruction
templates of the specific vector friendly instruction format
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2900 operate on packed or scalar single/double-precision
tfloating point data and packed or scalar integer data. Scalar
operations are operations performed on the lowest order data
clement position 1n an zmm/ymm/xmm register; the higher
order data element positions are either leit the same as they
were prior to the instruction or zeroed depending on the
embodiment.

Write mask registers 3015—in the embodiment 1illus-
trated, there are 8 write mask registers (kO through k'7/7), each
64 bits 1n size. In an alternate embodiment, the write mask
registers 3015 are 16 bits 1n si1ze. As previously described, in
one embodiment of the invention, the vector mask register
kO cannot be used as a write mask; when the encoding that
would normally indicate kO 1s used for a write mask, it
selects a hardwired write mask of OXFFFF, effectively dis-
abling write masking for that instruction.

General-purpose registers 3025—in the embodiment
illustrated, there are sixteen 64-bit general-purpose registers
that are used along with the existing x86 addressing modes
to address memory operands. These registers are referenced

by the names RAX, RBX, RCX, RDX, RBP, RSI, RDI, RSP,
and R8 through R15.
Scalar floating point stack register file (x87 stack) 3045,

on which 1s aliased the MMX packed integer flat register file
3050—1n the embodiment illustrated, the x87 stack 1s an
cight-clement stack used to perform scalar floating-point
operations on 32/64/80-bit floating point data using the x87
instruction set extension; while the MMX registers are used
to perform operations on 64-bit packed integer data, as well

as to hold operands for some operations performed between
the MMX and XMM registers.

Alternative embodiments of the invention may use wider
or narrower registers. Additionally, alternative embodiments
of the invention may use more, less, or different register files
and registers.

Exemplary Core Architectures, Processors, and Computer
Architectures

Processor cores may be implemented in different ways,
for different purposes, and in different processors. For
instance, implementations of such cores may include: 1) a

general purpose 1n-order core mtended for general-purpose
computing; 2) a high performance general purpose out-oi-
order core intended for general-purpose computing; 3) a
special purpose core mtended primarily for graphics and/or
scientific (throughput) computing. Implementations of dif-
terent processors may include: 1) a CPU including one or
more general purpose m-order cores intended for general-
purpose computing and/or one or more general purpose
out-of-order cores mtended for general-purpose computing;
and 2) a coprocessor including one or more special purpose
cores intended primarily for graphics and/or scientific
(throughput). Such different processors lead to different
computer system architectures, which may include: 1) the
coprocessor on a separate chip from the CPU; 2) the
coprocessor on a separate die 1n the same package as a CPU;
3) the coprocessor on the same die as a CPU (in which case,
such a coprocessor 1s sometimes referred to as special
purpose logic, such as integrated graphics and/or scientific
(throughput) logic, or as special purpose cores); and 4) a
system on a chip that may include on the same die the
described CPU (sometimes referred to as the application
core(s) or application processor(s)), the above described
coprocessor, and additional functionality. Exemplary core
architectures are described next, followed by descriptions of
exemplary processors and computer architectures.
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Exemplary Core Architectures

In-order and out-of-order core block diagram

FIG. 31A 1s a block diagram illustrating both an exem-
plary in-order pipeline and an exemplary register renaming,
out-of-order 1ssue/execution pipeline according to embodi-
ments of the mvention. FIG. 31B 1s a block diagram 1illus-
trating both an exemplary embodiment of an in-order archi-
tecture core and an exemplary register renaming, out-oi-
order 1ssue/execution architecture core to be included 1n a
processor according to embodiments of the imvention. The
solid lined boxes 1 FIGS. 31A-B illustrate the in-order
pipeline and 1-order core, while the optional addition of the
dashed lined boxes illustrates the register renaming, out-oi-
order 1ssue/execution pipeline and core. Given that the
in-order aspect 1s a subset of the out-of-order aspect, the
out-of-order aspect will be described.

In FIG. 31A, a processor pipeline 3100 includes a fetch
stage 3102, a length decode stage 3104, a decode stage 3106,
an allocation stage 3108, a renaming stage 3110, a sched-
uling (also known as a dispatch or issue) stage 3112, a
register read/memory read stage 3114, an execute stage
3116, a write back/memory write stage 3118, an exception
handling stage 3122, and a commit stage 3124.

FIG. 31B shows processor core 3190 including a front end
unmit 3130 coupled to an execution engine unit 3150, and
both are coupled to a memory unit 3170. The core 3190 may
be a reduced instruction set computing (RISC) core, a
complex instruction set computing (CISC) core, a very long
instruction word (VLIW) core, or a hybrid or alternative
core type. As yet another option, the core 3190 may be a
special-purpose core, such as, for example, a network or
communication core, Compression engine, Coprocessor core,
general purpose computing graphics processing unit
(GPGPU) core, graphics core, or the like.

The front end unit 3130 1ncludes a branch prediction unit
3132 coupled to an instruction cache unit 3134, which 1is
coupled to an instruction translation lookaside butler (TLB)
3136, which 1s coupled to an istruction fetch unit 3138,
which 1s coupled to a decode unit 3140. The decode unit
3140 (or decoder) may decode instructions, and generate as
an output one or more micro-operations, micro-code entry
points, microinstructions, other instructions, or other control
signals, which are decoded from, or which otherwise retlect,
or are derived from, the original instructions. The decode
umit 3140 may be implemented using various different
mechanisms. Examples of suitable mechamisms include, but
are not limited to, look-up tables, hardware implementa-
tions, programmable logic arrays (PLAs), microcode read
only memories (ROMs), etc. In one embodiment, the core
3190 includes a microcode ROM or other medium that
stores microcode for certain macroinstructions (e.g., 1n
decode unit 3140 or otherwise within the front end umnit
3130). The decode unit 3140 1s coupled to a rename/
allocator unit 3152 in the execution engine unit 3150.

The execution engine umt 3150 includes the rename/
allocator unit 3152 coupled to a retirement unit 3154 and a
set of one or more scheduler unit(s) 3156. The scheduler
unmt(s) 3156 represents any number of different schedulers,
including reservations stations, central istruction window,
ctc. The scheduler unit(s) 3156 i1s coupled to the physical
register file(s) unit(s) 3158. Each of the physical register
file(s) units 3158 represents one or more physical register
files, difterent ones of which store one or more different data
types, such as scalar integer, scalar floating point, packed
integer, packed floating point, vector integer, vector tloating
point—status (e.g., an mstruction pointer that i1s the address
of the next mnstruction to be executed), etc. In one embodi-
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ment, the physical register file(s) unit 3158 comprises a
vector registers unit, a write mask registers unit, and a scalar
registers unit. These register units may provide architectural
vector registers, vector mask registers, and general purpose
registers. The physical register file(s) unit(s) 3158 1s over-
lapped by the retirement umit 3154 to 1llustrate various ways
in which register renaming and out-of-order execution may
be implemented (e.g., using a reorder buller(s) and a retire-
ment register file(s); using a future file(s), a history butler(s),
and a retirement register file(s); using a register maps and a
pool of registers; etc.). The retirement unit 3154 and the
physical register file(s) unit(s) 3158 are coupled to the
execution cluster(s) 3160. The execution cluster(s) 3160
includes a set of one or more execution units 3162 and a set
ol one or more memory access units 3164. The execution
units 3162 may perform various operations (e.g., shiits,
addition, subtraction, multiplication) and on various types of
data (e.g., scalar floating point, packed integer, packed
floating point, vector integer, vector floating point). While
some embodiments may include a number of execution units
dedicated to specific functions or sets of functions, other
embodiments may 1nclude only one execution unit or mul-
tiple execution units that all perform all functions. The
scheduler unit(s) 3156, physical register file(s) umt(s) 3158,
and execution cluster(s) 3160 are shown as being possibly
plural because certain embodiments create separate pipe-
lines for certain types of data/operations (e.g., a scalar
integer pipeline, a scalar floating point/packed integer/
packed floating point/vector integer/vector floating point
pipeline, and/or a memory access pipeline that each have
their own scheduler unit, physical register file(s) unit, and/or
execution cluster—and 1n the case of a separate memory
access pipeline, certain embodiments are implemented 1n
which only the execution cluster of this pipeline has the
memory access unit(s) 3164). It should also be understood
that where separate pipelines are used, one or more of these
pipelines may be out-of-order issue/execution and the rest
in-order.

The set of memory access units 3164 1s coupled to the
memory unit 3170, which includes a data TLB unit 3172
coupled to a data cache unit 3174 coupled to a level 2 (LL2)
cache unit 3176. In one exemplary embodiment, the memory
access units 3164 may include a load unit, a store address
unit, and a store data unit, each of which 1s coupled to the
data TLB unit 3172 1n the memory unit 3170. The nstruc-
tion cache unit 3134 1s further coupled to a level 2 (L2)
cache umit 3176 1n the memory unit 3170. The L2 cache unit
3176 1s coupled to one or more other levels of cache and
eventually to a main memory.

By way of example, the exemplary register renaming,
out-of-order 1ssue/execution core architecture may imple-
ment the pipeline 3100 as follows: 1) the instruction fetch
3138 performs the fetch and length decoding stages 3102
and 3104; 2) the decode unit 3140 performs the decode stage
3106; 3) the rename/allocator unit 3152 performs the allo-
cation stage 3108 and renaming stage 3110; 4) the scheduler
unit(s) 3156 periorms the schedule stage 3112; 5) the
physical register file(s) unit(s) 3158 and the memory unit
3170 perform the register read/memory read stage 3114; the
execution cluster 3160 perform the execute stage 3116; 6)
the memory unit 3170 and the physical register file(s) unit(s)
3158 perform the write back/memory write stage 3118; 7)
various units may be mvolved in the exception handling
stage 3122; and 8) the retirement unit 3154 and the physical
register file(s) unit(s) 3158 perform the commit stage 3124.

The core 3190 may support one or more instructions sets
(e.g., the x86 1nstruction set (with some extensions that have
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been added with newer versions); the MIPS instruction set
of MIPS Technologies of Sunnyvale, Calif.; the ARM
istruction set (with optional additional extensions such as
NEON) of ARM Holdings of Sunnyvale, Calif.), including
the mstruction(s) described herein. In one embodiment, the
core 3190 1includes logic to support a packed data instruction
set extension (e.g., AVX1, AVX?2), thereby allowing the
operations used by many multimedia applications to be
performed using packed data.

It should be understood that the core may support multi-
threading (executing two or more parallel sets of operations
or threads), and may do so 1n a variety of ways including
time sliced multithreading, simultaneous multithreading
(where a single physical core provides a logical core for each
of the threads that physical core 1s simultaneously multi-
threading), or a combination thereof (e.g., time sliced fetch-
ing and decoding and simultaneous multithreading thereat-
ter such as 1n the Intel® Hyperthreading technology).

While register renaming 1s described in the context of
out-of-order execution, 1t should be understood that register
renaming may be used 1n an in-order architecture. While the
illustrated embodiment of the processor also includes sepa-
rate mstruction and data cache units 3134/3174 and a shared
[.2 cache unit 3176, alternative embodiments may have a
single iternal cache for both mstructions and data, such as,
for example, a Level 1 (L 1) internal cache, or multiple levels
of internal cache. In some embodiments, the system may
include a combination of an internal cache and an external
cache that 1s external to the core and/or the processor.
Alternatively, all of the cache may be external to the core
and/or the processor.

Specific Exemplary In-Order Core Architecture

FIGS. 32A-B illustrate a block diagram of a more specific
exemplary 1n-order core architecture, which core would be
one ol several logic blocks (including other cores of the
same type and/or different types) in a chip. The logic blocks
communicate through a high-bandwidth interconnect net-
work (e.g., a ring network) with some fixed function logic,
memory I/O interfaces, and other necessary 1/O logic,
depending on the application.

FIG. 32A 1s a block diagram of a single processor core,
along with i1ts connection to the on-die interconnect network
3202 and with 1its local subset of the Level 2 (L2) cache
3204, according to embodiments of the invention. In one
embodiment, an mstruction decoder 3200 supports the x86
istruction set with a packed data instruction set extension.
An L1 cache 3206 allows low-latency accesses to cache
memory into the scalar and vector units. While 1n one
embodiment (to simplity the design), a scalar unit 3208 and
a vector unit 3210 use separate register sets (respectively,
scalar registers 3212 and vector registers 3214) and data
transierred between them 1s written to memory and then read
back in from a level 1 (LL1) cache 3206, alternative embodi-
ments of the invention may use a different approach (e.g.,
use a single register set or include a communication path that
allow data to be transferred between the two register files
without being written and read back).

The local subset of the L2 cache 3204 1s part of a global
[.2 cache that 1s divided 1nto separate local subsets, one per
processor core. Each processor core has a direct access path
to 1its own local subset of the L2 cache 3204. Data read by
a processor core 1s stored 1n 1ts L2 cache subset 3204 and can
be accessed quickly, 1in parallel with other processor cores
accessing their own local L2 cache subsets. Data written by
a processor core 1s stored 1n 1ts own L2 cache subset 3204
and 1s flushed from other subsets, iI necessary. The ring
network ensures coherency for shared data. The ring net-
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work 1s bi-directional to allow agents such as processor
cores, .2 caches and other logic blocks to communicate with
cach other within the chip. Each ring data-path 1s 1012-bits
wide per direction.

FIG. 32B 1s an expanded view of part of the processor
core 1 FIG. 32A according to embodiments of the mnven-

tion. FIG. 32B includes an L1 data cache 3206A part of the
[.1 cache 3204, as well as more detail regarding the vector
unit 3210 and the vector registers 3214. Specifically, the
vector unit 3210 1s a 16-wide vector processing unit (VPU)
(see the 16-wide ALU 3228), which executes one or more of
integer, single-precision tloat, and double-precision tloat
instructions. The VPU supports swizzling the register inputs
with swizzle unit 3220, numeric conversion with numeric
convert units 3222A-B, and replication with replication unit
3224 on the memory input. Write mask registers 3226 allow
predicating resulting vector writes.

Processor with integrated memory controller and graphics

FIG. 33 1s a block diagram of a processor 3300 that may
have more than one core, may have an integrated memory
controller, and may have integrated graphics according to
embodiments of the invention. The solid lined boxes 1n FIG.
33 illustrate a processor 3300 with a single core 3302A, a
system agent 3310, a set of one or more bus controller units
3316, while the optional addition of the dashed lined boxes
illustrates an alternative processor 3300 with multiple cores
3302A-N, a set of one or more mtegrated memory controller
unit(s) 3314 in the system agent unit 3310, and special
purpose logic 3308.

Thus, different implementations of the processor 3300
may include: 1) a CPU with the special purpose logic 3308
being integrated graphics and/or scientific (throughput)
logic (which may include one or more cores), and the cores
3302A-N being one or more general purpose cores (e.g.,
general purpose 1-order cores, general purpose out-of-order
cores, a combination of the two); 2) a coprocessor with the
cores 3302A-N being a large number of special purpose
cores intended primarily for graphics and/or scientific
(throughput); and 3) a coprocessor with the cores 3302A-N
being a large number of general purpose mm-order cores.
Thus, the processor 3300 may be a general-purpose proces-
SOr, COprocessor or special-purpose processor, such as, for
example, a network or communication processor, compres-
sion engine, graphics processor, GPGPU (general purpose
graphics processing unit), a high-throughput many inte-
grated core (MIC) coprocessor (including 30 or more cores),
embedded processor, or the like. The processor may be
implemented on one or more chips. The processor 3300 may
be a part of and/or may be implemented on one or more
substrates using any of a number of process technologies,
such as, for example, BICMOS, CMOS, or NMOS.

The memory hierarchy includes one or more levels of
cache within the cores, a set or one or more shared cache
units 3306, and external memory (not shown) coupled to the
set of integrated memory controller units 3314. The set of
shared cache units 3306 may include one or more mid-level
caches, such as level 2 (L2), level 3 (LL3), level 4 (L4), or
other levels of cache, a last level cache (LLC), and/or
combinations thereof. While 1n one embodiment a ring
based iterconnect unit 3312 interconnects the integrated
graphics logic 3308, the set of shared cache units 3306, and
the system agent unit 3310/integrated memory controller
unit(s) 3314, alternative embodiments may use any number
of well-known techniques for interconnecting such units. In
one embodiment, coherency 1s maintained between one or

more cache units 3306 and cores 3302-A-N.
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In some embodiments, one or more of the cores 3302A-N
are capable of multi-threading. The system agent 3310
includes those components coordinating and operating cores
3302A-N. The system agent unit 3310 may include for
example a power control unit (PCU) and a display unit. The
PCU may be or include logic and components needed for
regulating the power state of the cores 3302A-N and the
integrated graphics logic 3308. The display unit 1s for
driving one or more externally connected displays.

The cores 3302A-N may be homogenous or heteroge-
neous 1n terms of architecture instruction set; that 1s, two or
more of the cores 3302A-N may be capable of execution the
same 1struction set, while others may be capable of execut-
ing only a subset of that instruction set or a different
instruction set.

Exemplary Computer Architectures

FIGS. 34-37 are block diagrams of exemplary computer
architectures. Other system designs and configurations
known 1n the arts for laptops, desktops, handheld PCs,
personal digital assistants, engineering workstations, serv-
ers, network devices, network hubs, switches, embedded
processors, digital signal processors (DSPs), graphics
devices, video game devices, set-top boxes, micro control-
lers, cell phones, portable media players, hand held devices,
and various other electronic devices, are also suitable. In
general, a huge variety of systems or electronic devices
capable of incorporating a processor and/or other execution
logic as disclosed herein are generally suitable.

Referring now to FIG. 34, shown 1s a block diagram of a
system 3400 1n accordance with one embodiment of the
present mvention. The system 3400 may include one or
more processors 3410, 3415, which are coupled to a con-

troller hub 3420. In one embodiment the controller hub 3420
includes a graphics memory controller hub (GMCH) 3490
and an Input/Output Hub (IOH) 34350 (which may be on
separate chips); the GMCH 3490 includes memory and
graphics controllers to which are coupled memory 3440 and
a coprocessor 3445; the IOH 3450 1s couples input/output
(I/0) devices 3460 to the GMCH 3490. Alternatively, one or
both of the memory and graphics controllers are integrated
within the processor (as described herein), the memory 3440
and the coprocessor 3445 are coupled directly to the pro-
cessor 3410, and the controller hub 3420 1n a single chip
with the IOH 3450.

The optional nature of additional processors 34135 1s
denoted 1n FIG. 34 with broken lines. Each processor 3410,
3415 may include one or more of the processing cores
described herein and may be some version of the processor
3300.

The memory 3440 may be, for example, dynamic random
access memory (DRAM), phase change memory (PCM), or
a combination of the two. For at least one embodiment, the
controller hub 3420 communicates with the processor(s)
3410, 3415 via a multi-drop bus, such as a frontside bus
(FSB), point-to-point interface such as (QuickPath Intercon-
nect (QPI), or similar connection 3495.

In one embodiment, the coprocessor 3445 1s a special-
purpose processor, such as, for example, a high-throughput
MIC processor, a network or communication processor,
compression engine, graphics processor, GPGPU, embed-
ded processor, or the like. In one embodiment, controller hub
3420 may include an integrated graphics accelerator.

There can be a variety of diflerences between the physical
resources 3410, 3415 1n terms of a spectrum of metrics of
merit including architectural, microarchitectural, thermal,
power consumption characteristics, and the like.
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In one embodiment, the processor 3410 executes 1nstruc-
tions that control data processing operations of a general
type. Embedded within the 1mnstructions may be coprocessor
instructions. The processor 3410 recognizes these coproces-
sor mstructions as being of a type that should be executed by
the attached coprocessor 3445. Accordingly, the processor
3410 1ssues these coprocessor mstructions (or control sig-
nals representing coprocessor 1mstructions) on a coprocessor
bus or other interconnect, to coprocessor 3445. Copro-
cessor(s) 3445 accept and execute the received coprocessor
instructions.

Referring now to FIG. 35, shown 1s a block diagram of a
first more specific exemplary system 3300 in accordance
with an embodiment of the present invention. As shown in
FIG. 35, multiprocessor system 3500 1s a point-to-point
interconnect system, and includes a first processor 35370 and
a second processor 3580 coupled via a point-to-point inter-
connect 3550. Fach of processors 3570 and 3580 may be
some version of the processor 3300. In one embodiment of
the invention, processors 3570 and 3580 are respectively
processors 3410 and 3415, while coprocessor 3538 1s copro-
cessor 3445, In another embodiment, processors 3570 and
3580 are respectively processor 3410 coprocessor 3445,

Processors 3570 and 3580 are shown including integrated
memory controller (IMC) units 3572 and 3582, respectively.
Processor 3570 also includes as part of its bus controller
units point-to-point (P-P) interfaces 3576 and 3578; simi-
larly, second processor 3580 includes P-P interfaces 3586
and 3588. Processors 3570, 3580 may exchange information
via a point-to-point (P-P) iterface 3550 using P-P interface
circuits 3578, 3588. As shown 1n FIG. 35, IMCs 3572 and
3582 couple the processors to respective memories, namely
a memory 3532 and a memory 3534, which may be portions
of main memory locally attached to the respective proces-
SOIS.

Processors 3570, 3580 may each exchange information
with a chupset 3590 via individual P-P interfaces 3552, 3554
using point to point interface circuits 3576, 3594, 3586,
3598. Chipset 3590 may optionally exchange information
with the coprocessor 3538 via a high-performance 1nterface
3539. In one embodiment, the coprocessor 3538 i1s a special-
purpose processor, such as, for example, a high-throughput
MIC processor, a network or communication processor,
compression engine, graphics processor, GPGPU, embed-
ded processor, or the like.

A shared cache (not shown) may be included 1n either
processor or outside of both processors, yet connected with
the processors via P-P interconnect, such that either or both
processors’ local cache information may be stored in the
shared cache 11 a processor 1s placed 1nto a low power mode.

Chipset 3590 may be coupled to a first bus 3516 via an
interface 3596. In one embodiment, first bus 3516 may be a
Peripheral Component Interconnect (PCI) bus, or a bus such
as a PCI Express bus or another third generation 1/0
interconnect bus, although the scope of the present invention
1s not so limited.

As shown 1n FIG. 35, various /O devices 3514 may be
coupled to first bus 3516, along with a bus bridge 3518
which couples first bus 3516 to a second bus 3520. In one
embodiment, one or more additional processor(s) 3515, such
as coprocessors, high-throughput MIC processors,
GPGPU’s, accelerators (such as, e.g., graphics accelerators
or digital signal processing (DSP) units), field program-
mable gate arrays, or any other processor, are coupled to first
bus 3516. In one embodiment, second bus 3520 may be a
low pin count (LPC) bus. Various devices may be coupled to
a second bus 3520 including, for example, a keyboard and/or
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mouse 3522, communication devices 3527 and a storage
umt 3528 such as a disk drive or other mass storage device
which may include nstructions/code and data 3530, in one
embodiment. Further, an audio I/O 3524 may be coupled to
the second bus 3520. Note that other architectures are
possible. For example, instead of the point-to-point archi-
tecture of FI1G. 35, a system may implement a multi-drop bus
or other such architecture.

Referring now to FIG. 36, shown 1s a block diagram of a
second more specific exemplary system 3600 in accordance
with an embodiment of the present invention. Like elements
in FIGS. 35 and 36 bear like reference numerals, and certain
aspects of FIG. 35 have been omitted from FIG. 36 1n order
to avoid obscuring other aspects of FIG. 36.

FIG. 36 illustrates that the processors 3570, 3580 may
include integrated memory and I/O control logic (“CL”)
3572 and 3582, respectively. Thus, the CL 3572, 3582
include integrated memory controller units and include I/0
control logic. FIG. 36 illustrates that not only are the
memories 3532, 3534 coupled to the CL 3572, 3582, but also
that I/O devices 3614 are also coupled to the control logic
3572, 3582. Legacy I/O devices 36135 are coupled to the
chipset 3590.

Referring now to FIG. 37, shown 1s a block diagram of a
SoC 3700 1n accordance with an embodiment of the present
invention. Similar elements 1 FIG. 33 bear like reference
numerals. Also, dashed lined boxes are optional features on
more advanced SoCs. In FIG. 37, an interconnect unit(s)
3702 1s coupled to: an application processor 3710 which
includes a set of one or more cores 202A-N and shared cache
unit(s) 3306; a system agent unit 3310; a bus controller
unit(s) 3316; an integrated memory controller unit(s) 3314;
a set or one or more coprocessors 3720 which may include
integrated graphics logic, an i1mage processor, an audio
processor, and a video processor; an static random access
memory (SRAM) unit 3730; a direct memory access (DMA)
unmt 3732; and a display unit 3740 for coupling to one or
more external displays. In one embodiment, the copro-
cessor(s) 3720 include a special-purpose processor, such as,
for example, a network or communication processor, coms-
pression engine, GPGPU, a high-throughput MIC processor,
embedded processor, or the like.

Embodiments of the mechanisms disclosed herein may be
implemented 1n hardware, software, firmware, or a combi-
nation of such implementation approaches. Embodiments of
the invention may be implemented as computer programs or
program code executing on programmable systems compris-
ing at least one processor, a storage system (including
volatile and non-volatile memory and/or storage elements),
at least one mput device, and at least one output device.

Program code, such as code 3330 illustrated in FIG. 35,
may be applied to input instructions to perform the functions
described herein and generate output information. The out-
put information may be applied to one or more output
devices, 1n known fashion. For purposes of this application,
a processing system includes any system that has a proces-
sor, such as, for example; a digital signal processor (DSP),
a microcontroller, an application specific integrated circuit
(ASIC), or a miCroprocessor.

The program code may be implemented 1n a high level
procedural or object onented programming language to
communicate with a processing system. The program code
may also be implemented 1n assembly or machine language,
it desired. In fact, the mechanisms described herein are not
limited 1n scope to any particular programming language. In
any case, the language may be a compiled or interpreted
language.
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One or more aspects of at least one embodiment may be
implemented by representative instructions stored on a
machine-readable medium which represents various logic
within the processor, which when read by a machine causes
the machine to fabricate logic to perform the techniques
described herein. Such representations, known as “IP cores”
may be stored on a tangible, machine readable medium and
supplied to various customers or manufacturing facilities to
load 1nto the fabrication machines that actually make the
logic or processor.

Such machine-readable storage media may include, with-
out limitation, non-transitory, tangible arrangements of
articles manufactured or formed by a machine or device,
including storage media such as hard disks, any other type
of disk including floppy disks, optical disks, compact disk
read-only memories (CD-ROMs), compact disk rewritable’s
(CD-RWs), and magneto-optical disks, semiconductor
devices such as read-only memories (ROMs), random
access memories (RAMS) such as dynamic random access
memories (DRAMs), static random access memories
(SRAMSs), erasable programmable read-only memories
(EPROMs), tlash memories, electrically erasable program-
mable read-only memories (EEPROMs), phase change
memory (PCM), magnetic or optical cards, or any other type
of media suitable for storing electronic instructions.

Accordingly, embodiments of the invention also include
non-transitory, tangible machine-readable media containing,
instructions or containing design data, such as Hardware
Description Language (HDL), which defines structures, cir-
cuits, apparatuses, processors and/or system features
described herein. Such embodiments may also be referred to
as program products.

Emulation (including binary translation, code morphing,
etc.)

In some cases, an 1nstruction converter may be used to
convert an 1nstruction from a source instruction set to a
target 1nstruction set. For example, the instruction converter
may translate (e.g., using static binary translation, dynamic
binary translation including dynamic compilation), morph,
emulate, or otherwise convert an instruction to one or more
other instructions to be processed by the core. The struc-
tion converter may be implemented in software, hardware,
firmware, or a combination thereof. The instruction con-
verter may be on processor, oil processor, or part on and part
ofl processor.

FIG. 38 1s a block diagram contrasting the use of a
soltware 1struction converter to convert binary instructions
in a source instruction set to binary instructions 1n a target
instruction set according to embodiments of the mvention.
In the illustrated embodiment, the instruction converter 1s a
soltware instruction converter, although alternatively the
instruction converter may be implemented in soitware, firm-
ware, hardware, or various combinations thereotf. FIG. 38
shows a program i1n a high level language 3802 may be
compiled using an x86 compiler 3804 to generate x86 binary
code 3806 that may be natively executed by a processor with
at least one x86 mstruction set core 3816. The processor with
at least one x86 1nstruction set core 3816 represents any
processor that can perform substantially the same functions
as an Intel processor with at least one x86 instruction set
core by compatibly executing or otherwise processing (1) a
substantial portion of the instruction set of the Intel x86
instruction set core or (2) object code versions of applica-
tions or other software targeted to run on an Intel processor
with at least one x86 1nstruction set core, 1n order to achieve
substantially the same result as an Intel processor with at
least one x86 nstruction set core. The x86 compiler 3804
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represents a compiler that 1s operable to generate x86 binary
code 3806 (e.g., object code) that can, with or without
additional linkage processing, be executed on the processor
with at least one x86 1nstruction set core 3816. Similarly,
FIG. 38 shows the program 1n the high level language 3802
may be compiled using an alternative instruction set com-
piler 3808 to generate alternative instruction set binary code
3810 that may be natively executed by a processor without
at least one x86 instruction set core 3814 (e.g., a processor
with cores that execute the MIPS 1instruction set of MIPS
Technologies of Sunnyvale, Calif. and/or that execute the
ARM 1instruction set of ARM Holdings of Sunnyvale,
Calif.). The instruction converter 3812 1s used to convert the
x86 binary code 3806 mto code that may be natively
executed by the processor without an x86 instruction set
core 3814. This converted code 1s not likely to be the same
as the alternative instruction set binary code 3810 because
an 1nstruction converter capable of this 1s difhicult to make;
however, the converted code will accomplish the general
operation and be made up of instructions from the alterna-
tive 1nstruction set. Thus, the instruction converter 3812
represents software, firmware, hardware, or a combination
thereof that, through emulation, simulation or any other
process, allows a processor or other electronic device that
does not have an x86 1nstruction set processor or core to
execute the x86 binary code 3806.

We claim:

1. An apparatus comprising:

execution hardware to execute instructions to begin and
end a data speculative extension (DSX) execution and
speculative instructions during the DSX; and

DSX tracking hardware to track speculative memory
accesses and detect ordering violations i a DSX of
speculative instructions using sequence numbers of the
speculative istructions within the DSX, addresses of
istruction accesses, and whether an instruction being
tracked 1s a write, and to trigger a mis-speculation upon
an ordering violation, wheremn an immediate of a
speculative struction 1s to provide its sequence num-
ber.

2. The apparatus of claim 1, wherein speculative instruc-

tions are speculative memory instructions.

3. The apparatus of claim 2, wherein the speculative
memory 1instructions are from the group of loads, stores,
scatters, and gathers.

4. The apparatus of claim 1, wherein the DSX tracking
hardware comprises:

shifter circuitry to shift an address of an element under
test of a speculative memory instruction;

hash circuitry to hash the shifted address;

a hash table contaiming a plurality of sets of entries,
wherein each entry to hold a valid bit, sequence num-
ber, 1dentification number, and an access type for an
clement of a previously executed speculative memory
instruction; and

contlict check circuitry to determine when a conflict
between the element under test and an entry of the
plurality of sets of entries exists.

5. The apparatus of claim 1, wherein the hash table 1s a

Bloom filter.

6. The apparatus of claim 1, further comprising:

DSX nesting counting circuitry to count a number of DSX
begins that do not have a matching end.

7. The apparatus of claim 1, further comprising:

DSX restoration circuitry to use a stored fallback address
to restore execution to what 1t was betfore the DSX was
initiated.




US 10,942,744 B2

45

8. A method comprising:

executing an mstruction to begin a data speculative exten-
sion (DSX) execution;

executing speculative instructions during the DSX; and

using DSX tracking hardware, tracking speculative
memory accesses and detecting ordering violations 1n a
DSX of speculative mstructions using sequence nums-
bers of the speculative instructions within the DSX,
addresses of instruction accesses, and whether an
istruction being tracked 1s a write, and triggering a
mis-speculation upon an ordering violation, wherein an
immediate of a speculative struction 1s to provide 1its
sequence number.

9. The method of claim 8, wherein speculative nstruc-

tions are speculative memory instructions.

10. The method of claim 9, wherein the speculative
memory instructions are from the group of loads, stores,
scatters, and gathers.

11. The method of claim 8, wherein the DSX tracking
hardware comprises:

shifter circuitry to shiit an address of an element under
test of a speculative memory instruction;

hash circuitry to hash the shifted address;

a hash table containing a plurality of sets of entries,
wherein each entry to hold a valid bit, sequence num-
ber, identification number, and an access type for an
clement of a previously executed speculative memory
instruction; and

conilict check circuitry to determine when a conflict
between the element under test and an entry of the
plurality of sets of entries exists.

12. The method of claim 8, wherein the hash table 1s a

Bloom filter.

13. The method of claim 8, counting a number of DSX
begins that do not have a matching end.

14. The method of claim 8, restoring execution to what 1t
was before the DSX was iitiated.
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15. A non-transitory machine readable medium storing
istructions which when executed by a machine cause
circuitry to be fabricated, the circuitry comprising:

execution hardware to execute instructions to begin and
end a data speculative extension (DSX) execution and
speculative instructions during the DSX; and

DSX tracking hardware to track speculative memory
accesses and detect ordering violations 1n a DSX of
speculative instructions using sequence numbers of the
speculative mstructions within the DSX, addresses of
istruction accesses, and whether an instruction being
tracked 1s a write, and to trigger a mis-speculation upon
an ordering violation, wherein an 1mmediate of a
speculative mstruction 1s to provide its sequence num-
ber.

16. The non-transitory machine readable medium of claim
15, wherein speculative 1nstructions are speculative memory
instructions.

17. The non-transitory machine readable medium of claim
15, wherein the speculative memory instructions are from
the group of loads, stores, scatters, and gathers.

18. The non-transitory machine readable medium of claim
17, wherein the DSX tracking hardware comprises:

shifter circuitry to shift an address of an element under
test of a speculative memory instruction;

hash circuitry to hash the shifted address;

a hash table contaiming a plurality of sets of entries,
wherein each entry to hold a valid bit, sequence num-
ber, 1dentification number, and an access type for an
clement of a previously executed speculative memory
instruction; and

contlict check circuitry to determine when a conflict
between the element under test and an entry of the
plurality of sets of entries exists.

19. The apparatus of claim 1, wherein an opcode of a

speculative instruction 1s to indicate that it 1s a speculative
istruction.
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